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ABSTRACT 

PURITY OIL SALES REMEDIAL INVESTIGATION REPORT 
CONTRACT NO. 83-81867 

Harding Lawson Associates (HLA) and its major subcpntractors, Radian 
Corporation and Luhdorff and Scalmanini have performed a Remedial Investiga
tion (RI) under contract (Contract No. 83-81867) to the Califotnia Department 
of Health Services (DOHS) at the Purity Oil Sales (Purity) site in Fresno, 
Califomia. The RI included characterization of air quality, contaminant 
emissions, irrigation canal sediment and water contamination, soil contami
nation, and ground-water contamination. The Purity site is an abandoned oil 
recycling facility where acidic oily and tarry wastes were disposed into 
unlined pits, ponds, and sumps (pits) from the late 1930s until the late 
1970s. 

The results of the RI document extensive soil and ground-water contami
nation at the Purity site. Soil contamination is present down to ground 
water and two apparent plumes of ground-water contamination are emanating 
from the site. Private wells in the area apparently have not been impacted 
by the ground-water contamination. Highly contaminated soil is present both 
related to the pits and to refinery operations. There is no apparent intact 
on canal water quality and canal sediment is contaminated at low levels. 
Air quality for the site is acceptable for existing surface conditions. 
However, when the site surface is disturbed, high levels of organics and 
sulfur dioxide are emitted from the subsurface waste material. 
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EXECUTIVE SUMMARY 

This document presents the results of the Remedial Investigation (RI) 

conducted by Harding Lawson Associates (HLA) and its major subcontractors, 

Radian Corporation (Radian) and Luhdorff and Scalmanini (L&S), at the Purity 

Oil Sales site (Purity site) in Fresno, Califomia. The characteristics and 

distribution of contamination at Purity are documented so that remedial 

altematives can be identified and assessed during the Feasibility Study 

(FS). 

STATEMENT OF THE PROBLEM 

The Purity site is an abandoned oil recycling facility that was operated 

from 1934 to 1975. Several ponds, pits, and sumps (pits) were used during 

site operations for storage and disposal of hazardous waste materials 

generated during the recycling processes. These pits were subsequently 

filled with constmction debris. Numerous surface spills of oily/tarry 

materials also occurred at the site. Until May 1985, the site had two large 

open pits containing oily/tarry material. These pits and several surface 

seeps had been responsible for historic noxious odor problems at the site. 

From Febmary through May 1985, EPA performed a removal action resulting in 

the cleanup of the two pits and numerous surface seeps. 

In 1982, the EPA installed several monitoring wells in and around the 

site and collected surface and shallow subsurface soil samples. Their 

investigation determined that soil contamination existed at the site and 

indicated that ground-water contamination was present at the site 
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boundaries. In March 1983, the Califomia Department of Health Services 

(DHS) solicited proposals for the Purity RI/FS to provide data and inter

pretation needed to design measures to retum the contaminated atmospheric, 

soil, and ground-water environments to acceptable levels. The Purity RI/FS 

was authorized on September 1, 1983. 

SCOPE OF WORK 

The scope of work for the Purity RI included the following tasks: 

1. A background study to gather and organize all existing data needed 
to focus the field investigation. 

2. Generation of all support documents for performing the field inves
tigation. These documents included the Site Safety Plan, the 
Quality Assurance/(Quality Control Plan, and revisions to HLA's 
proposal of May 12, 1983 in lieu of a formal work plan. 

3. A site boundary and topographic survey of the site to establish the 
legal boundaries of the site and provide surface elevation and 
horizontal coordinate control for all future activities. 

4. On-site meteorological monitoring and ambient air quality monitor
ing to evaluate undisturbed atmospheric emissions from the site. 

5. Disturbed surface and subsurface emissions monitoring to evaluate 
potential emissions during remedial actions and to evaluate a 
variety of vapor suppression technologies. 

6. Canal sediment and surface-water sampling to evaluate the impact of 
any contaminant migration from Purity into a source of irrigation 
water for the area. 

7. Surface and subsurface geophysical surveys to locate large subsur
face objects and supplement the canal and subsurface soil sampling 
tasks. 

8. Surface and subsurface soil and soil gas sampling to evaluate the 
severity and distribution of soil contamination. 
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8. Installation and sampling of ground-water monitoring wells on and 
around the Purity site to evaluate the levels and extent of 
ground-water contamination. 

9. Collection of ground-water samples from private water wells to 
evaluate nearby water quality. 

10. Chemical analyses of atmospheric, waste, soil, sediment, surface-
water, and ground-water samples to evaluate the presence and degree 
of contamination. 

11. Compilation, evaluation, and reporting of the results of all tasks 
related to the field investigation so that identification, screen
ing, and evaluation of remedial altematives can be performed. 

SUMMARY OF RI RESULTS 

During the RI, areas of contamination at and in the vicinity of the 

Purity site were identified and the level of contamination determined for 

all sampled media (air, waste, soil, sediment and water). In general, a 

health risk assessment is recommended because of the apparent potential 

health risks associated with wastes at the Purity site from two primary 

sources: 1) low-pH, tarry material found in surface seeps at the site that 

has the potential for direct skin contact; and 2) disturbed waste surfaces 

and existing open waste pits (at the time of the RI) from which atmospheric 

emissions occur. Other contamination sources were found at the Purity site, 

but levels of contamination from these other sources were not found to be as 

high, and thus may pose a lower immediate threat to human health. The 

results of each type of contamination are summarized below. 
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Air (Quality 

Air quality at the Purity site was found to be acceptable as long as the 

surface of the Purity site remains undisturbed. During the site investiga

tion, average wind direction was from the west and average wind speed was 5 

to 6 miles per hour. Temperatures recorded during the field investigation 

documented a heat wave of record in Fresno and are not representative of 

average conditions. 

When surface-waste seeps were disturbed or subsurface waste were exposed, 

elevated levels of atmospheric contaminants were emitted. The emitted con

taminants included compounds that could pose potential adverse health 

effects i f disturbed surface emissions are not controlled. Benzene and 

sulfur dioxide are two common contaminants identified in high concentrations 

in freshly exposed waste. Maximum emission rates of 2,300,000 micrograms 

2 

per square meter per minute (yg/m /min) for benzene and 2,700,000 

2 

Vg/m /min for sulfur dioxide were recorded in fresh waste during the 

field investigation. By comparison, neither chemical was measured above 

detection limits in more than 50 percent of the air samples collected over 

undisturbed surfaces at the site. 

North Central Canal 

The North Central Canal contained contamination at very low levels. 

Water flowing in the canal apparently is not affected by the Purity site. 

The water was found to be slightly contaminated by an atmospheric con

taminant (Freon 11) at a l l sampled locations and to be contaminated by 

phthalates in one location approximately 1,300 feet downstream from the 
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Purity site. No phthalates were detected in canal water samples collected 

adjacent to or immediately downstream of the Purity site. Therefore, Purity 

is not a significant contributor of contaminants to surface water in the 

North Central Canal. 

Sediments in the canal bed adjacent to Purity were found to be slightly 

contaminated by oily/tarry material apparently originating from the Purity 

site. The levels of contamination were very low, and none of the contamina

tion is classified as hazardous under DHS criteria. Unless severe site 

erosion leads to future waste migration episodes that cause bulk tarry 

materials to enter the canal bed, there does not appear to be an imminent 

hazard associated with the North Central Canal. 

Soil Contamination 

The levels of contamination of surface and subsurface soils at the 

Purity site were found to be highly variable. The degree of soil contamina

tion ranged from noncontaminated natural soil conditions to levels that are 

potentially hazardous. The areas and the depths of soil contamination also 

varied areally over the site. Soils that are potentially hazardous were 

detected from the surface down to the water table at a depth of approx

imately 40 feet below ground level (BGL). 

Soil contamination levels high enough to exceed DHS health exposure 

criteria were detected on the surface of the Purity site and adjacent 

property. Soil pH levels less than 2 were measured in numerous locations. 

During the RI, at the direction of DHS, the areas of soil contamination in 

the Tall Trees trailer park were covered with gunite (sprayed concrete) to 
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temporarily mitigate the health threat in the area of greatest potential 

human contact. 

HydroReoloRY 

The ground-water system beneath the Purity site comprises an unconfined 

aquifer with an average depth to water of approximately 40 feet BGL. The 

aquifer material is alluvial in origin and consists primarily of sand with 

silty and gravelly interbeds. Minor clays are present in both the saturated 

and unsaturated (vadose) portions of the aquifer, and thin, cemented caliche 

zones are present in the unsaturated zone. The clay and caliche appear to 

cause lateral spreading of water and liquid wastes within the vadose zone 

and probably cause semiconfined conditions in the saturated zone. 

The direction of ground-water flow is toward the northwest. Minor local 

variations in the direction of ground-water movement are caused by seasonal 

recharge from the North Central Canal. The amount of recharge emanating 

from the canal is unknown. The potentiometric surface in the shallow 

aquifer beneath Purity has a gradient of 0.0032 feet per foot, and the esti

mated range of ground-water velocities within the zone is 20 to 100 feet per 

year. 

The ground water beneath Purity is contaminated by a wide variety of 

organic chemical compounds. A total of 13 priority pollutants have been 

quantified in the aquifer and 47 additional compounds have been detected. 

The distribution of the compounds indicates that two plumes of contaminated 

ground water are migrating from the Purity site in the direction of regional 

ground-water flow. The vertical, lateral, and downgradient extent of 
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contamination cannot be coit5>letely determined from the existing monitoring 

well network. There also appears to be an upgradient source of ground-water 

contamination. Further definition of the ground-water system is needed. 

Samples were also collected from several private water wells in the area 

surrounding Purity. The closest of these wells is approximately 500 feet 

downgradient from the Purity site. The samples were analyzed for the full 

range of potential organic and inorganic contaminants. No inorganic con

tamination was detected; in fact, the quality of the water was very good. 

Minor contamination from phthalates was detected in several wells. The 

level of contamination was small in every case, and the phthalates have 

probably been leached from plastic in the private well system (a common 

occurrence). It appears that that none of the contamination migrating away 

from Purity has impacted any private wells sampled for this study at this 

time. 
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1.0 INTRODUCTION 

This report presents the results of the Phase I Remedial Investigation 

(RI) for the Purity Oil Sales site (Purity site) in Fresno, Califomia. 

This report has been prepared in accordance with the obligations of the 

Califomia Department of Health Services (DHS) contract #83-81867 with 

Harding Lawson Associates dated September 1, 1983 and the U.S. Environmental 

Protection Agency (EPA) Cooperative Agreement with DHS #CX-811565-01-0 dated 

January 13, 1984. 

1.1 Ob.iecti ves 

The objectives of the RI for the Purity site are to assess and charac

terize levels, distribution, and migration of contamination at and near the 

site. These data will then be used to establish criteria for the identifica

tion, screening, and evaluation of initial and other potential remedial 

altematives during the Feasibility Study to be performed by the EPA. 

The objectives of this RI report are: 1) to document the methods 

employed by Harding Lawson Associates and its major subcontractors (Radian 

Corporation [Radian] and Luhdorff and Scalmamini, Inc. [L&S]) in performing 

the RI at the Purity site in Fresno, Califomia; 2) to document the findings 

of the RI; and 3) to document recommendations for additional work required 

to fully support the evaluation and implementation of potential remedial 

measures. 

1.2 Limitations 

The RI for the Purity site is limited by the scope of work outlined in 

the original DHS Request for Proposal (RFP #83007 dated March 29, 1983) and 

the proposal submitted by HLA in response to the RFP dated May 12, 1983. 
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As well as being limited by the scope of the RI as defined in the origi

nal proposal, the Purity site RI was constrained by the nature of the waste 

material on-site. The nature of the material precluded a complete analysis 

of waste samples. As is the case with most "waste" samples, very high levels 

of certain compounds dominate the composition of the material. This causes 

two problems. First, the presence of major constitutents masks the analyti

cal response signals from minor constituents. Interferences caused by mask

ing or attenuation of response signals are difficult to compensate for and 

usually depend on the waste material and the analytical detection method 

used. 

The second problem regarding samples containing major constituents 

involves instmment detection limit. Samples with predominant components 

must be diluted in order to quantify those components; the dilution process 

permits quantification of predominant species. However, the dilution may 

reduce the concentration of minor constituents to levels below their detec

tion limits. These analytical limitations were frequently encountered, but 

in most instances they did not significantly affect the adequate characteri

zation of hazardous waste samples. 

1.3 Site Description 

The Purity site is an abandoned oil recycling facility that is located 

in Fresno County, Califomia, between the city of Fresno and the town of 

Malaga (Plate 1.3-1). The site covers 6.86 acres and is currently under 

title to the State of Califomia by order of the Superior Court of the State 
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of Califomia (Case No. 275226-9) for nonpayment of taxes. The site is 

enclosed by a chain-link fence topped with barbed wire to control public 

access. The only access to the site is provided through a locked gate adja

cent to Maple Avenue. 

The site is located in an industrial area south of Fresno. It is sur

rounded by undeveloped land on the west, by auto parts or scrap iron recycl

ing businesses on the southwest and northwest, by a trailer park and market/ 

gas station on the northeast, by a propane distributor on the east, and by a 

small farm on the southeast (Plate 1.3-2). 

At the time of the RI, two open pits (Pit 2 and Pit 7c on Plate 1.3-3) 

and several tanks remained on the property. All other original stmctures 

and features have been removed or filled in with constmction debris (Plate 

1.3-3). During April and May 1985, the EPA initiated a removal action at 

the Purity site. The removal action consisted of removal of 6 7 55-gallon 

dmms of contaminated material generated during the RI described in this 

report as well as removal of approximately 1800 cubic yards of hazardous 

materials. The hazardous materials comprise the materials in Pits 2 and 7c 

as well as numerous other surface seeps of oily/tarry material. At the time 

of this report, the only remaining exposed waste material is found in small 

oil-stained soil areas and the area surrounding the tanks located at the 

west end of the front yard (Plate 1.3-3). 
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1.4 Site History 

This section of the report is a summary and update of information con

tained in the Purity Background Report (HLA, 1985). The Purity site was in 

operation from 1934 to 1975. The property has been held by numerous owners 

and was last sold for payment of back taxes in 1979. The last sale was 

rescinded by the courts and the site is currently under title to the State 

of Califomia. The facilities on the site were severely damaged by fire in 

1975, and much of the remaining equipment was removed following that fire. 

The first knovm industrial use of the site was by William Dicky and Ray 

Tumer. They recycled used oil from 1934 until 1948, when William Siegfried 

and Robert Hall bought it as Paraco Oil, Incorporated. In 1965, the site 

and operation were sold to Michael Marcus of Purity Oil Sales, Incorporated, 

based in Oakland, Califomia. The maintenance foreman at Purity Oil Sales, 

Odis Johnson, arranged to buy the plant and lease the property from Marcus 

in January 1974. The plant was thereafter known as 0. J. Refinery. In 1975, 

Marcus filed for bankmptcy and the site was held by the state for nonpayment 

of taxes. In 1979, the property was sold to William Enns to pay for back 

taxes. In November 1980, DHS informed Enns that a serious hazardous waste 

problem existed on his property and requested a cleanup plan. Enns then 

went to court requesting a rescission of the sale. The rescission was 

granted on September 10, 1982, and the site is now in the custody of the 

State of Califomia. 
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1.4.1 Process Description 

In general, the oil refining process used on the site was as follows; 

1. The refinery operated a fleet of tmcks that picked up, free of 
charge, used oil from generators such as service stations, car 
dealers, tmck stops, tmck lines, companies with tmck fleets, etc. 
During the Paraco ownership, the U.S. Air Force recycled aviation 
lubricants at Purity from 1949 to 1951. This is the only known 
specific recycling client. The volume of oil recycled during the 
Paraco ownership ranged from 150,000 to 450,000 gallons per month. 
Volumes from other owners are unknown. 

2. The used oil was heated to 200°F and mixed with a caustic/silicate 
combination material for removing sediment and water which was drawn 
off the bottom. 

3. The oil was then treated with sulfuric acid and the resulting sludge 
was drawn off the bottom. 

4. The oil was then mixed with activated clay and distilled to 550 to 
600°F under a vacuum. Distillate products came over the top of the 
distilling tower and residual oil and clay were filtered. The dis
tillation temperature and vacuum pressure were varied according to 
the desired weight and type of oil products being sold. 

5. The waste products were either offered to the local farmers for dust 
control (Paraco), sent to the Orange Avenue dump (Paraco) or stored 
in the on-site pits (other owners). Other potential methods for 
disposal are unknown. An analysis of the oil sludge performed in 
1972 indicated that it contained 12 percent water, 29.4 percent sul
furic acid, 5.9 percent ash, and 52.7 percent hydrocarbons (by 
difference). 
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2.0 SITE INVESTIGATION 

2.1 Field Operations Schedule 

This section of the report summarizes the field schedule for a l l on-site 

activities during the Phase I field investigation at the Purity site. 

On-site activites commenced on May 29, 1984 and were completed on 

September 15, 1984. The chronology and time period required for each field-

related task is provided below. The task numbers are as listed in the HLA-

DHS contract (#83-81867) dated September 1, 1983. 

Task 3 - Boundary, Grid, and Topographic Survey 5/29/84 - 6/2/84 and 
8/7/84 

Task 22 - Site Set-Up (trailers, electricity, water, etc.) 6/4/84 -
6/5/84 

Task 1 - On-site Safety 6/11/84 - 7/23/84 

Task 8 - On-site Chemistry 6/5/84 -7/24/84 

Task 4 - On-site Meteorological Monitoring 6/5/84 - 9/15/84 

Task 5 - Undisturbed Surface Emissions Survey 6/5/84 - 6/9/84 

Task 5 - Trenching/Disturbed Surface Emissions Survey 6/11/84 - 6/13/84 

Task 6 - Surface Soil Sampling 6/13/84 - 6/14/84, 6/26/84 - 6/27/84, 
and 7/10/84 

Task 6 - Canal Sampling 6/15/84 - 6/16/84 

Task 10 - Deep Borings/Downhole Flux Chamber Survey 6/18/84 - 7/2/84 

Task 10 - Shallow Borings 7/3/84 - 7/20/84 

Task 12 - Private Well Sampling 6/28/84 and 8/8/84 

Task 12 - Ground-water Sampling 7/26/84 - 8/8/84 and 9/14/84 - 9/15/84 

Task 13 - Aquifer Tests 7/26/84 - 8/8/84 and 9/11/84 - 9/15/84 
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Task 6 - Geophysics Surveys 6/12/84 - 6/15/84 and 7/24/84 - 7/29/84 

Task 22 - Site Cleanup 8/8/84 - 8/10/84 and 9/15/84 

2.2 Site Set-Up 

To assure performance of field tasks in a safe and efficient manner, all 

equipment used during the investigation was located in specific areas in 

relation to a contamination "hot line." Plate 2.2-1 illustrates the site 

set-up employed during the field investigation. 

The "hbt line" was marked with yellow nylon flagging to keep contamina

tion from field operations away from the support areas. The "hot line" was 

also used to ensure that entry and exit for all site work could be 

controlled. 

The equipment areas established for the site set-up (Plate 2.2-1) com

prised personnel and equipment decontamination areas (including steam-

cleaning equipment and barrels for contaminated clothing), drilling equipment 

storage area, and the main support area. The main support area included two 

trailers used for the duration of field operations. Both trailers were 

located at the northeast comer of the site because of the location of the 

water supply line and the electric service pole. One trailer was designated 

as the safety trailer and field office; the other was designated as the 

field laboratory. 

2.3 Site Safety Program 

The site safety program for the Purity RI was supervised by Radian Cor

poration. The site safety officers responsible for compliance with the 
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safety plan were Mr. A. C. Ellis and Mr. C. C. Mecham. The safety program 

covered investigation activities from June 8 to July 24, 1984. The investi

gation activities conducted during this period were as follows: 

Site topographic survey 

Air and surface concentration study 

Waste emissions measurements (trenching) 

Hollow-stem augering 

Monitoring well installation 

Soil sampling 

- Off-site canal sediment and water sampling. 

2.3.1 Goals of the Site Safety and Health Program 

The site-specific safety plan for the Purity investigation included the 

following goals: 

Correctly anticipate specific job hazards 

Establish the level of protection to adequately protect the field 
team, and maintain a workplace monitoring program to ensure that 
appropriate levels of protection were provided 

Define work zones and practices to avoid the spread of contamination 

Plan for emergencies by coordinating the activity of internal and 
extemal emergency response organizations 

Monitor the field team response to site working conditions to pre
vent physical injuries. 

These goals were achieved and the project was performed safely. The 

implementation of the safety prograim was performed according to the specifi

cations described in the safety plan with a few minor variations and viola

tions. These problem areas are detailed in the following section. 

2-3 



Harding Lawson Associates 

2.3.2 Field Instmction 

Prior to site activity, the field team received instmction on the fol

lowing topics: 

- Site hazards and background 

Summary of work functions 

Waste description 

Levels of protection 

Methods of personnel protection 

Work zones and decontamination procedures 

Personal hygiene requirements 

Air monitoring program 

Emergency response to accidents and incidents. 

2.3.3 Level of Protection 

The level of protection designated for the remedial investigation was 

based on the hazard assessment made prior to the field activities and was 

consistent with EPA Level C protection for most of the field team partici

pants. The safety plan called for the use of "poly-coated" tyvek protective 

clothing, but it was not used because of the increased heat stress caused by 

the coated material. The decision to use the cooler "white" tyvek coveralls 

was considered necessary to reduce the amount of heat stress experienced by 

the field team. 
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2.3.4 Field Observations and Monitoring 

Topographic Survey 

The level of protection for this portion of the project was consistent 

with EPA Level D protection and comprised safety helmets, safety shoes, pro

tective gloves, and eye protection. The topographic survey portion of this 

project was completed without accident. The site hazards were correctly 

anticipated and the personal protective equipment selected for this portion 

of the project afforded adequate protection. Work zones were clearly defined 

and adhered to during the survey work. 

Air and Surface Concentration Survey 

The level of protection used during this portion of the project was con

sistent with the procedures specified in the safety plan for predisturbance 

work (Level D protection). 

The air and surface concentration study was performed without accident. 

Problems that occurred during this portion of the project included: 

Two sets of field team protective footwear (boots) became contami
nated and required careful cleaning 

Emissions measurement over the open pit on site was forbidden because 
of unsafe conditions (no harness equipment) 

The nature of the waste material complicated the task of decontami
nating equipment. Extra time was spent in accomplishing this task. 

Waste Emissions Measurement 

The level of protection used during this portion of the project was con

sistent with safety plan specifications for trenching activity (i.e., EPA 

Level C, tyvek coveralls, cartridge respirator, chemical-resistant boots and 

covers, and safety helmet). 
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The trenching activity took place after the field team and been 

instmcted in safety procedures for this activity. The specific problems 

encountered during the test excavations were as follows: 

Based on monitoring, the rate at which the excavation was taking 
place proved too fast to allow adequate control of emissions. The 
pace was slowed do%im, and the excavated waste pile was foamed and 
covered with a tarp. These actions corrected the problem. 

Ambient air monitoring information was not available on a real-time 
basis for workplace surveillance and work assigTiments of several 
on-site personnel were modified to ensure frequent checks of the 
monitoring station. 

The first test excavation produced significant emissions of sulfur 
dioxide (SO2) and additional emissions control measures were 
implemented that remedied this problem during the second trench. 

Heat stress was a problem that was corrected by having the field 
team break more frequently and monitor their own temperature. 

The three test excavations were conducted without injury or accident. 

One of the emissions technicians sustained a slight waste contact to the 

hand and was instmcted to decontaminate the skin surface. 

Air monitoring was performed for each test excavation. The measured 

indicator compounds were benzene and sulfur dioxide. Action Level Two, 0.1 

to 0.5 ppm sulfur dioxide concentration change from background levels, was 

reached on the first excavation. Action Level Two for organic compounds, 

1.0 to 10 ppm concentration change from background levels, was reached dur

ing the second excavation. Both emission excursions were brought back to 

acceptable levels by slowing the rate of excavation and using better emis

sions control techniques such as covering the excavated waste with a plastic 

tarp. 
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Potential personnel exposure to organic vapors was measured using char

coal badges. Potential exposure to dusts was measured by sampling for lead 

in air using personal sampling pumps. Area monitoring for worker exposure 

to sulfur dioxide was conducted by placing sulfur dioxide indicator tubes in 

the exposure area. All personnel sampling, including lead in air, revealed 

no harmful exposures to the field team. Adequate levels of respiratory pro

tection were provided. 

Hollow-Stem Augering 

The level of protection used during this phase of the project consisted 

of tyvek coveralls, safety helmet, eye protection, gloves, chemical-resistant 

boots and boot covers, and air-purifying respiratory protection. 

During this portion of the project, daily ambient temperatures began to 

reach lOCF. This made work difficult and caused numerous delays in drilling 

activity. Body temperatures for the work crew would typically reach or 

exceed the lOO'E after 1200 hours. All afternoon work was conducted with 

careful observation of the field crew for signs of heat stress. 

Because of the high heat in the aftemoons, work schedules were moved up 

to a starting time of 0530 hours, and work was terminated at approximately 

1400-1500 hours. Employees who exhibited body temperatures of over 101.5''F 

were released from work duty and rested until the body temperature stabilized 

below lOÔ F. Stabilization of body temperatures below lOO'F became more 

difficult as the project continued because of repeated exposure to high heat 

conditions. 
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Incidents during this portion of the project included; 

A small grass fire 

Some community complaints conceming buming eyes, noses, and 
throats. These complaints were received during the last borehole 
drilling and may have resulted from unexpected wind shifts toward 
the trailer park. The con5)laints were referred to the DHS represen
tative on site at the time. 

The small grass fire, started by welding activities in dry grass, was 

quickly contained and extinguished with a portable extinguisher. Subsequent 

welding activities were confined to bare soil or pre-wetted grassy areas. 

Fire extinguishers were provided near any welding activities for the duration 

of the project. 

Air monitoring during this portion of the project consisted of close-in 

and border monitoring. Instmments to detect the presence of SÔ , hydro

carbons, and chlorinated hydrocarbons were utilized. Descriptions of moni

toring instmments used are described in Sections 2.6 and 2.7. Direct read

ing detector tubes were also used to supplement instmment readings. Area 

monitoring for SÔ  was conducted by placing detector tubes on the drill 

rig. Personal sampling for organic vapors was performed using charcoal 

badges. No exposures were detected which exceeded the level of protection 

afforded by the respiratory protection devices provided. 

Monitoring Well Drilling 

The level of protection used during this portion of the project consisted 

of EPA Level C protection, including tyvek coveralls, safety helmet, gloves, 

chemical-resistant boots, and air-purifying respiratory protection. 
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The hazards of the rotary drilling operation were not fully anticipated. 

The project involved considerable safety supervision, even though the hollow-

stem augering was s t i l l underway. Significant air contamination was detected 

by both direct-reading detector tubes and monitoring instmments. Respira

tory protection, eye protection, and clothing to prevent skin contact were 

required because of the high potential for contact with the waste. Detector 

tube sampling indicated that the level of protection provided was adequate. 

There was a lack of compliance by members of the drilling crew in the area 

of personal hygiene. One driller refused to quit chewing tobacco while 

working on the site. The site manager reprimanded the violator. Also, res

pirator use violations by the head drilling supervisor were halted by the 

site manager. 

Monitoring well installation was conducted at temperatures ranging from 

70" to 105*'F. The field crew experienced significant potential heat stress 

over several weeks. However, their safety performance during this period is 

to be commended. No accidents or injuries occurred during the installation 

of the monitoring wells. One incident occurred when the pressure relief 

valve on the pump blew out and the field crew standing near the drill rig 

were sprayed with potentially contaminated drilling fluid. All persons who 

were sprayed immediately washed in the emergency shower. 

Soil Sampling 

This portion of the project was conducted without incident or accident 

under the supervision of the site manager. The sampling crews were required 

to wear personal protective gear and remain within radio contact. 
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Off-site Canal Water and Sediment Samples 

This portion of the project was conducted under the supervision of the 

site manager, without incident or accident. 

2.3.5 Summary 

In summary, considering 1) the high potential for employee contact with 

harmful vapors, gases, and mists, 2) the elevated ambient temperatures, 3) 

the high acid content of the waste material, and 4) the general safety haz

ards associated with all drilling operations, the safety program for the 

Purity Oil Sales RI was implemented successfully. Numerous hazards to the 

field team, the public, and the environment were adequately controlled. 

2.4 Site Boundary and Topographic Survey 

Prior to the mobilization of the sampling crews, a site boundary and 

topographic survey was performed by Wong Engineers, Stockton, Califomia, to 

establish the legal boundaries of the Purity site, to establish, using wooden 

stakes, a reference grid on 50-foot centers across the entire site, and to 

generate a topographic map of the site for reference purposes during RI 

activities. Plate 2.4-1 illustrates the results of the boundary and topo

graphic survey. The grid node identification system used during the field 

investigation is shown on several subsequent plates depicting soil sampling 

and air quality monitoring. Wong Engineers also surveyed the ground surface 

and top-of-casing reference elevations (Table 2.4-1) for all monitoring wells 

installed as part of this investigation and for the existing EPA monitoring 

wells (functional wells only) that were found to have been incorrectly sur

veyed during the EPA study. 
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2.5 On-Site Meteorological Monitoring 

Meteorological data were collected from June 8 to August 5, 1984 for the 

purpose of qualifying the conditions under which emission rate measurements 

were made. A 30-foot tower located oh the east side of the site supported 

all meteorological sensors. All data from the meteorological system were 

automatically transferred to a DART II computer. The DART II was also pro

grammed to provide hourly printouts summarizing, in 5-minute averages, cur

rent wind speed, wind direction, and temperature. The following meteorolog

ical sensors were used: 

- Temperature. The temperature probe was a thermistor selected to 
provide a linear resistance change over a range of -50°C to +50°C 
with an accuracy of +0.1'C. The probe was housed in a naturally 
aspirated radiation shield. 

Wind Speed. Wind speed was monitored with a 3-cup anemometer assem
bly. Its range was 0-100 mph with a rated accuracy of +.25 mph or 
1.5 percent. 

Wind Direction. Wind direction was measured by a lightweight air
foil vane coupled to a precision 540" potentiometer. Accuracy was 
rated at +3° with linearity at +1/2 percent of full scale. 

Data was presented on the hourly printout in the following order: 

WSR - wind speed resultant (vector average) 

WDR - wind direction resultant (vector average) 

TOUT - outside temperature in "F 

WSA - wind speed average (arithmetic) 

- WDA - wind direction average (arithmetic) 

- WDAV - wind direction standard deviation 

WGUST - gust (peak instantaneous wind speed) 
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GND - ground (channel shorted to ground). 

2.6 Undisturbed Surface Emissions Survey 

Emissions from the waste site were measured prior to any site disturb

ances. A general screening procedure described in Section 2.6.1 provided 

qualitative emissions data and was used to select areas requiring quantita

tive emission measurements described in Section 2.6.2. The objectives of 

the undisturbed surface emissions survey were to provide an estimate of the 

overall site emissions and to identify "hot spots," i.e., areas suspected of 

containing a high concentration of waste materials. The overall site emis

sions estimate was to be used as input for remedial action design and public 

safety considerations. 

2.6.1 Qualitative Emissions Survey 

The site was first surveyed and a grid system established as described 

in Section 2.4. At each grid node falling within the site boundaries, emis

sion measurements were performed under simulated quiescent (worst-case) con

ditions. Sampling occurred downwind of a windshield as shown on Plate 2.6-1. 

The following instmments were used: 

CSI Model SA 165-3 Portable SO2 analyzer 

HNU Model PI 101 Portable Hydrocarbon Analyzer, or Analytical 
Instmment Division Model 580 portable organic vapor meter 

Type K thermocouples with direct digital readout (surface and air 
temperatures). 

A summary of the specifications for all field gas analyzers used for the 

investigation is given in Table 2.6-1. A statistical approach, randomized 
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block design, was used to survey the site. This design provided representa

tive data and compensated for temporal variability. The gridpoints within 

the site boundaries were divided into blocks of 10 adjacent gridpoints. The 

sampling order within each block and the sampling ordeir of the blocks them

selves were randomly determined using computer-generated random number 

tables. 

For each day of sampling, a "clean" upwind location was sampled and used 

as a baseline reference. The "clean" upwind locations were located at the 

nearest upwind border. These data provided an Indication of the daily air 

quality upwind of the site. The difference between the upwind baseline mea

surement and the sample point could be attributed to the site location and 

not differences in local air quality. In addition, repeat sampling at one 

point on the grid was conducted per each block surveyed. Daily sampling of 

the same point at different times provided an estimate of the temporal vari

ation of emissions. 

The survey was conducted following the procedures listed below: 

1. Locate equipment at grid point. 

2. Position S02/total hydrocarbon (THC) sample inlets 6 inches above 
the surface, directly upwind of the equipment and operators. 

3. Allow a 2- to 5-minute instmment stabilization period. 

4. Obtain ambient air temperature and surface temperature during 
instmment stabilization. 

5. Monitor gas emissions for 2-5 minutes or until a stable value is 
recorded. 

6. Document all relevant data. 
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Emissions above background level (i.e., hot spots) for the survey were 

defined as concentrations of SÔ  or THC greater than three times the 

standard deviation of the data from the clean upwind location sampled per 

block of grid points in the survey. 

2.6.2 (Quantitative Emissions Survey 

Following identification of potential hot spots, quantitative emissions 

measurements were performed using the enclosure approach. This approach 

employs an enclosure device, referred to as a surface isolation flux chamber, 

to sample gaseous emissions from a defined surface area. Clean, dry air 

(chamber sweep air) is added to the chamber at a fixed, controlled rate. 

The volumetric flow rate of air through the chamber is recorded and the 

species of interest is measured at the exit of the chamber. The emission is 

calculated as: 

(C.)(Q) 

E.R. . = ——. 
1 A 

where E.R.̂  = emission rate of species, yg/m̂ /min"̂  

Ĉ  = measured concentration of species, i , ppmv converted to 
yg/m̂  

Q = sweep air flow rate, m̂ /min 

A = exposed surface area, m̂ . 

A diagram of the surface isolation flux chamber used for the surface 

emissions measurements is presented on Plate 2.6-2. The chamber is an 

acrylic dome with a lower stainless steel section that is ring-shaped and 

designed to penetrate the sampling surface. The chamber has an exposed sur-

2 3 
face of 0.13 m and a volume of approximately 0.03 m depending on the 
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depth of penetration. Two ports provide inlet and outlet air, and an eight-

bladed in5)ellor fan is centrally mounted to provide efficient mixing. 

Approximately 20 flux chamber measurements were performed. Since rela

tively few hot spots were identified during the qualitative emissions sur

vey, additional sampling locations were selected to include the major sur

face waste features present. 

The surface isolation flux chamber was cleaned and dried before each 

use, placed over the surface area to be sampled, and worked into the surface 

to a depth of approximately 2 inches. The sweep air was then introduced and 

was set at a predetermined flow rate. The exit gas concentration was moni

tored for THC and SÔ . Sampling continued until steady-state exit gas 

concentrations were observed (typically 3-4 residence times). Wherever sig

nificant emissions were observed, gas samples were collected in evacuated 

stainless steel canisters for detailed off-site speciation. 

At each sampling location, the following data collection steps were 

taken: 

- Document location of measurement, date, time, and operator 

Document flow rate, initial and final temperatures of ambient air, 
air in chamber, and soil surface inside and outside the chamber 

Document any other analytical data such as waste characteristics, 
meteorological conditions, etc., for correlation with emission rate 
measurements 

F i l l out appropriate chain-of-custody forms and master sample log 
entries for samples collected. 
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2.7 Excavation Emissions Survey 

Three on-site trenches were excavated to an approximate depth of 8 feet 

using a backhoe. The trenching operations 1) permitted examination of the 

waste depth and characteristics, 2) allowed emission measurements to be per

formed to estimate what the magnitude of emissions would be during possible 

remedial action activities, and 3) provided for emission control testing 

using foams. The following subsections describe the excavation procedures, 

the emission measurements performed in the trenches and the downwind moni

toring program. Test results are given in Section 6.1.3. 

2.7.1 Excavation Methodology 

The three trenches were located in Pits 4, 6, and 7 at gridpoints 8E, 

14E, and 24E. The excavation procedures for each trench were identical. 

The initial trenching step was to remove any overburden present and expose 

waste. The depth of overburden varied from 1 to 8 feet, and the overburden 

composition was also variable. The Pit #6 trench contained a large amount 

of constmction debris overlying the waste, while the other trenches had 

only a shallow soil layer covering the waste. After waste had been encoun

tered, emission measurements and emission control tests were initiated. A 

series of measurements were made in each trench as described in Section 

2.7.2. Prior to each individual measurement, the top 6 to 12 inches of waste 

was removed by backhoe to expose unweathered waste. Upon completion of mea

surement and testing, each trench was backfilled with the excavated material 

(waste emplaced first and capped with the original surface soil). At the 

con^letion of trenching, the backhoe was thoroughly steam-cleaned prior to 

its removal from the site. 
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2.7.2 Emissions Measurement Program 

The emissions measurement program conducted in the trenches provided two 

types of input for remedial action considerations; 1) the uncontrolled 

emissions from trenching were measured, and 2) emission inhibiting foams 

were tested to find the most suitable foam for the Purity waste. All emis

sion measurements were made using the isolation flux chamber as previously 

described. Total hydrocarbons (THC) and SÔ  were monitored continuously 

using portable analyzers. Evacuated gas canister samples were collected at 

selected locations for detailed off-site laboratory analysis. In each 

trench, several measurements were made of the uncontrolled emissions and 

five foams were individually tested. When testing the foams, the following 

procedure was followed after initial emissions measurement: 

1. Fresh waste was exposed. 

2. The area was thoroughly covered with approximately 2 inches of foam. 

3. The flux chamber was placed over the foam. 

4. Measurements were initiated as rapidly as possible. 

2.7.3 Downwind Monitoring Program 

During disturbance activities such as trenching and drilling, downwind 

ambient concentrations of THC (calibrated as benzene) and SO2 were contin

uously monitored at two stations. The data were used to assess the local 

community's safety and to signal the need for emissions control measures. 

One station was located approximately 150 feet downwind of the disturbed 

area and included THC and SÔ  portable analyzers mounted 5 feet above the 

ground. Data were recorded on a strip chart recorder and monitored by the 

2-17 



Harding Lawson Associates 

Site Safety Officer. When increasing concentrations were noted, emission 

abatement steps such as foaming and capping the waste pile were undertaken. 

Emissions never reached the predetermined levels established in the Safety 

Plan that would have required shutdown of the disturbance activity. The 

second monitoring station was located approximately 6 feet downwind of the 

disturbed area and utilized the same instmments used for the isolation flux 

chamber measurements. Consequently, this station was inoperable whenever 

flux chamber testing occurred. In addition to the measurements made with 

portable gas analyzers as discussed above, ambient downwind volatile organic 

carbon (VOC) concentrations were determined from gas canister samples col

lected during disturbance activities and submitted for laboratory analysis. 

Lastly, downwind particulate matter concentrations were measured during 

trenching activities. The results of all sampling and monitoring activities 

are presented in Section 6.1.3. 

2.8 Surface Soil Sampling Program 

Surface soil samples were collected during the field investigation to 

characterize contamination in the upper 1 foot of the soil horizon. A total 

of 178 samples were collected from on-site and off-site locations. Most 

sample locations correspond to the grid points shown on Plate 2.8-1, and the 

remaining additional samples were collected in obvious surface contamination 

areas or background areas not covered by the grid. 

Each sample was collected by hand by HLA personnel wearing protective 

clothing. The sample location was first identified and documented according 
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to the grid stakes, then sample bottles were prepared and the sample col

lected. All samples were collected using stainless steel trowels. Because 

of the very hard nature of the surface soils and the presence of constmction 

debris, each sample location was excavated to a depth of one foot with a 

pick prior to sample collection. 

After each sample location was excavated with the pick and then sampled 

using the stainless steel trowels, the holes were backfilled with the 

remaining excavated soil. After each sample was collected,the sample number, 

location, and a physical description of the sample material were recorded in 

a field log book, and the pick and trowels were decontaminated. At the end 

of each day, the sample data were transferred to the master sample log book, 

and chain-of-custody forms were filled out and filed until sample shipment. 

All soil samples were tested according to the Level A procedures (Sec

tion 3.2) and frozen in the on-site freezer until shipment to Radian's labo

ratory facilities. The results of the Level A analyses were recorded in a 

separate file and kept at the site. 

When all surface soil samples had been collected, the results of the 

Level A analyses were reviewed and 48 samples were selected for Level B ana

lyses (Section 3.3). When Level B analyses were complete, 16 samples were 

selected for Level C analyses. Results of the chemical analyses are evalu

ated in Section 6.3 and tabulated in Appendix E. 
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2.9 Canal Sampling Program 

The North Central Canal mns along the south side of the Purity site 

(Plate 1.4-1). The canal is used for irrigation during the summer months 

and is reportedly dry, except for occasional surface-water mnoff, for the 

remainder of the year. The canal contained irrigation water to a depth of 

3.5 feet for the duration of the field investigation. Both sediment and 

surface-water samples were collected from the canal during the field inves

tigation. A total of 17 sanpling locations were selected, comprising 2 

upstream and 4 downstream locations, and 11 locations adjacent to the site 

(Plate 2.9-1). 

Sample collection started at the furthest downstream location (C-l) and 

proceeded sequentially upstream to prevent cross-contamination of the samples 

via sediment transport. The following sampling methodology was employed: 

1. Each sample collection point was located and recorded by measuring 
to existing landmarks. 

2. The sampler dressed in hip waders, entered the canal, and collected 
stream-flow data while the chemist and sampling assistant prepared 
bottles, labels, and the sample log book. 

3. Using clean 1-quart glass containers, the sampler collected a water 
sample by immersing an open sample bottle approximately six inches 
below the water surface. All samples were collected immediately 
upstream of where the sampler was standing. 

4. The sampler traveled to the canal bank with the water sample and 
gave the sample to the assistant. The assistant took the sample to 
the on-site chemist. The chemist decanted the sample into the proper 
containers and began sample preservation. The assistant then 
retumed to the canal with a decontaminated sediment sampler. Sedi
ment sampling was performed with a hand-driven soil coring kit capa
ble of coring in 18-inch increments. 
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5. The sampler then took the sediment corer, selected a location in the 
center of the canal, and collected a 12- to 18-inch sample depending 
upon sediment conditions. 

6. The sampler removed the sediment core frora the bottom of the canal 
and transferred it to the assistant. The sampler then retumed to 
the sampling location and filled the hole created by sampling with 
bentonite pellets. 

7. The assistant then took the sediment sample to the chemist and 
assisted with removing the sample and transferring it into the sam
ple bottles. 

8. The chemist then performed the Level A analyses on both the water 
and sediment samples while the other two members of the sampling 
crew decontaminated sampling equipment in preparation for the next 
location. 

Twelve of the samples collected from the canal were submitted for Level 

B analyses, and three samples (corresponding with upstream, downstream, and 

midpoint locations) were submitted for Level C analyses. Two samples were 

not analyzed beyond Level A. The results of the canal sampling are presented 

in Section 6.2, and all chemical data are tabulated in Appendix E. 

2.10 Soil Borings 

A total of 23 soil borings were drilled (Plate 2.10-1) during the field 

investigation for the Purity RI/FS. All drilling services were provided by 

Luhdorff and Scalmanini in cooperation with Eaton Drilling (L&S/Eaton). The 

soil borings were drilled to obtain lithologic and stratigraphic data and to 

collect undisturbed soil samples to evaluate the extent of contamination 

beneath the Purity site. The locations of the borings were selected to 

characterize the known and potential pits identified in historic air photos 

of the site (Plate 1.4-1). 
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2.10.1 Drilling Methodology 

Drilling was initiated on June 19, 1984 and was completed on July 20, 

1984. The borings were numbered sequentially during the course of the 

exploration program. The soil boring program originally included drilling 

and sampling 7 deep borings (to ground water) and 13 shallow borings (less 

than 30 feet). During the course of the field investigation, three addi

tional shallow borings were authorized by DHS. 

Prior to drilling the soil borings, HLA performed a ground penetrating 

radar (GPR) survey of all the potential boring locations for drill site 

clearance. The GPR survey was performed in order to reduce or eliminate 

downhole contact with steel or large pieces of constmction debris. The 

details of the GPR survey are provided in Section 2.13.1. After the GPR 

survey was completed at each drill site, the best location for drilling was 

staked and labeled. 

All borings were drilled with a Mobile Drill drill rig equipped with 

hollow-stem augers. Soil samples were collected through the hollow-stem 

augers by driving an unlined split-spoon sampler using a 140-pound hammer 

with a 30-inch drop. The soils and waste encountered in each boring were 

logged by an HLA geologist using the Unified Soil Classification System and 

the Munsell Color Chart. Geologic logs for the borings are presented in 

Appendix A. 

Soil samples were collected from each boring at 2.5-foot intervals down 

to 20 feet and at 5-foot intervals down to the total depth of each boring. 

(Sittings from the borings were monitored for potentially harmful atmospheric 
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emissions and were placed in 55-gallon drums if either SÔ  or VOC emissions 

were detected. Non-emitting cuttings were piled on the ground next to each 

boring. 

All soil samples collected during the drilling program were entered into 

the master log book (Section 2.14), submitted to the on-site chemist for 

Level A analyses (Section 3.2), and then frozen until shipment to Radian 

Analytical Services for Level B and/or Level C analyses. Chain-of-custody 

was maintained for every sample until shipment, and all chain-of-custody and 

Level A records were filed at the site office until field operations were 

completed. The results of all chemical analyses are presented in Section 

6.4 and tabulated in Appendix E. Subsurface geology is summarized in 

Section 6.3. 

2.10.2 Sampling Methodology 

Both soil and ground-water samples were collected during the soil boring 

program. Because the greatest soil contamination was expected to occur in 

the upper 20 feet, discrete soil samples were collected at depths of 2.5, 

5.0, 7.5, 10.0, 12.5, 15.0, 17.5, and 20.0 feet below ground surface. In 

borings deeper than 20 feet, discrete samples were collected every 5 feet. 

In some instances, the 2.5-foot soil sample was not collected because of 

mbble or other constmction debris. During drilling in Borings B-1 through 

B-6, Radian performed downhole flux measurements to evaluate in-situ emis

sions rates from subsurface waste sources. Downhole emissions monitoring is 

described in detail in the next section. After collection of the last soil 

sample in the deeper borings (B-1 through B-6 and B-20), a ground-water sam

ple was obtained by bailing a sample through the hollow stem of the auger. 
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Sample collection was performed in the following manner: 

1. After the split-barrel sampler was driven to collect the sample and 
subsequently removed from the boring, the drive shoe was removed 
from the split-barrel and the sampler was opened. 

2. Opening the sampler enabled an HLA geologist to describe the litho
logy from the physical appearance of the soil and record the data 
onto a geologic log. The Radian on-site chemist also monitored and 
recorded the emissions from the sanqple. 

3. When lithologic descriptions were complete, the geologist collected 
portions of the soil from the entire section of the sample and placed 
the material in both 1-quart sample bottles for Level B and Level C 
chemical analyses and 40-milliliter bottles for Level A analyses 
(Section 3.0). All sample bottles were then placed in a cooler with 
blue ice until they could be conveniently transferred to the freezer. 

4. If downhole emissions monitoring was required, the drill crew would 
break and the Radian personnel would perform downhole monitoring and 
emissions sampling (Section 2.10.3). 

5. After emissions monitoring, drilling resumed and the remaining soil 
samples were collected. Sufficient split-spoon samplers were brought 
to the site to enable collection of several samples before stopping 
for decontamination. No split-spoon sampler was utilized for sample 
collection more than once without being decontaminated. 

6. During drilling, hazardous cuttings were placed into 55-gallon dmms, 
and upon completion of each boring all dmms were closed and the 
ring clamps were bolted shut. 

7. The drill rig moved to the steam-cleaning area (Plate 2.2-1) where 
the augers and split-spoons were steam cleaned and decontaminated. 

8. The entire process was repeated for each boring. 

2.10.3 Downhole Emissions Monitoring 

Emissions measurements were made at various depths for the first six 

on-site boreholes drilled. The emissions data provide an indication of the 

extent and volatile character of the waste and will assist in evaluating the 

potential hazards from excavating the waste site. The measurements were 
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made using the downhole isolation flux chamber shown on Plate 2.10-2. (The 

theory and operation of the downhole isolation flux chamber are identical to 

those of the surface isolation emission flux chamber described previously.) 

The hole was drilled using a hollow-stem auger, the drill bit was removed 

from the hole, and the flux chamber was lowered and seated on the freshly 

exposed waste. Emission measurements typically were made every 5 feet down 

to 25 feet below ground surface. The results of this monitoring are pre

sented in Section 6.4.1. 

2.11 Ground-Water Monitoring Wells 

Monitoring wells were installed in nine locations during the field 

investigation (Plate 2.10-1). Three on-site locations (W-1 through W-3) 

were selected for the installation of both a shallow and deep monitoring 

well at each location. The remaining 6 wells (W-4 through W-9) were 

installed off-site as single completion monitoring wells. The monitoring 

locations were selected to provide an areal distribution of ground-water 

data points for characterizing the ground-water regime at Purity. The moni

toring well network was designed to evaluate ground-water flow direction, 

gradient, chemical quality (inorganic and organic), and the distribution of 

any encountered contamination. The well completion diagrams and lithologic 

logs for the monitoring wells are presented in Appendix C. 

2.11.1 Drilling Methodology 

Prior to drilling off-site wells, written permisssion was obtained by 

HLA from each affected property owner. The access agreements provided for 
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installation of the wells and access to the wells for ground-water sampling 

for a period of two years. All monitoring wells were drilled using rotary 

wash methods and bentonite drilling fluid. No other drilling fluid additives 

were used during drilling operations. The methodology employed for drilling 

and installing the monitoring wells differed for on-site and off-site wells. 

The off-site methodology is described below, and the differences in on-site 

installation are then presented: 

1. The final locations of all monitoring wells were selected by the HLA 
site geologist based on the original proposed locations and access 
limitations of the drill rig and the required drilling equipment 
(water tmck, mud tub, support tmck, etc.). 

2. The drill rig was moved to each location, the rig was set up, the 
bentonite drilling fluid was mixed, and drilling proceeded using a 
4.5-inch drill bit. The small diameter bit was used to drill a pilot 
hole. The pilot hole was used for describing lithologies and for 
geophysical logging of each hole. 

3. The pilot hole was lithologically logged to a depth of at least 100 
feet below ground surface. Next, a geophysical log was mn in the 
fluid-filled pilot hole. The geophysical log included both resis
tivity and spontaneous potential surveys. A natural gamma log was 
mn in the wells after they were completed. 

4. The lithologic log and the geophysical logs were then reviewed by 
the HLA geologist, and the screen interval for the well was selected. 
While the geologist reviewed the downhole data, the drilling subcon
tractor began enlarging the borehole with a 10-inch-diameter drill 
bit to allow for constmction of the monitoring well. When the 
borehole was enlarged to the required depth, the drilling fluid was 
circulated through a de-sander to remove fine grained material. 
This reduces the amount of sand that settles out of the drilling 
fluid during well constmction. 

5. All cuttings and drilling fluid generated during drilling operations 
were transported from all off-site locations back to the site for 
surface disposal. All cuttings from on-site wells were stored in 
55-gallon dmms when drilling through waste. If no waste was pre
sent, the cuttings were left on the ground adjacent to the well. 
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The primary difference in drilling operations for the on-site wells 

entailed the drilling of a large-diameter pilot hole through the waste 

material so that a conductor casing could be installed and the waste zone 

sealed off. The pilot hole was drilled using the hollow-stem auger rig 

equipped with a 24-inch bucket auger. The pilot holes were drilled down 

until there was no visible waste, and no detectable volatile emissions ema

nating from the cuttings. 

Numerous problems were experienced by L&S/Eaton during on-site rotary 

drilling, the severest of which resulted in the abandonment of a monitoring 

well started as W-1. The driller lost the large-diameter bit during hole-

opening operations (after the pilot hole had been drilled). The driller 

subsequently fished for the bit unsuccessfully for 6 days. At the end of 

that period, the auger crew resumed fishing operations so that the rotary 

rig could proceed with the installation of other monitoring wells. The pro

blem was resolved by opening the hole enough to push the bit aside, install

ing a conductor casing to a depth just below the bit, cementing the conductor 

casing and the bit in place (20 feet above the water table), drilling open 

the 4.5-inch pilot hole to approximately 8 inches so that any oily/tarry 

material would be removed from the hole, and then cementing the entire hole 

using the tremie method (pump cement grout from the bottom of the hole up to 

the surface). 

2.11.2 Monitoring Well Installation 

The constmction for each monitoring well was designed by the HLA geolo

gist so that the screen interval was located adjacent to the most permeable 
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section of the borehole. Both lithologic and borehole geophysical data were 

used to select each screen interval. As with the drilling program, on-site 

and off-site well installation methodologies differed slightly. 

The on-site wells were designed to be dual completion monitoring wells 

for evaluating the concentration gradient with depth at three locations. 

Originally, off-site wells were to have been installed as either dual com

pletion or single completion. The single completion wells were to have been 

completed as either shallow or deep wells. HLA requested and received DHS 

approval to modify the off-site monitoring well program to install only sin

gle completion wells with a longer screen interval. The purpose of the 

change was to provide consistency in the water-level and chemical data. 

The on-site wells (Appendix C) were located to provide fairly equal 

spacing directly under the site. The wells were constmcted with polyvinyl 

chloride (PVC) casing and stainless-steel well screen. In general, the fol

lowing sequence was used for monitoring well installation: 

1. After de-sanding was complete, the HLA geologist and the L&S/Eaton 
crew reviewed the well design and calculated the specific lengths of 
casing required to constmct the well. 

2. The casing and screen were steam-cleaned and brought to the well 
site. 

3. For the dual completion wells, the deep well was installed first, 
and then the shallow well was installed. All sections of casing and 
screen were assembled using couplings and stainless steel machine 
screws. No PVC solvents or glues were used in any monitoring wells 
installed during the field investigation. 

4. Sand pack material was poured and/or pumped with water down a 2-inch 
pipe until the sand was approximately 3 feet above the top of the 
deep screen section. A 1.0- to 1.5-foot layer of very fine-grained 
sand was then poured into the annulus. 
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5. A 2-foot layer of grout (cement, bentonite, and fine sand mixture) 
was next pumped into the annulus, and the 2-inch pipe was raised to 
prevent mixing of the grout with the remaining well materials. 

6. Another layer of the very fine-grained sand was poured Into the well 
until a 2-foot layer was applied to the grout seal. Next, regular 
sand pack material was poured down the 2-inch pipe until the sand 
reached a minimum height of 5 feet above the top of the shallow 
screen section. 

7. A last layer of fine sand was poured into the annulus, and the sur
face grout seal was tremied from the bottom of the tremie pipe up to 
the surface. Each well was checked prior to demobilization from the 
site, and if grout shrinkage had occurred, the annulus was topped 
off with cement. 

8. After grouting, a 12-inch steel cover was installed over each well. 
The cover was equipped with a hinged lid, a hasp, and a lock for 
security. The locks were keyed the same for ease of future water-
level or water-quality surveys. 

For the on-site wells, a steel conductor casing was installed prior to 

any rotary drilling. The bore was drilled using a bucket auger. Conductor 

casing was installed in the bore and pushed down into the soil to prevent 

grout leakage, and the annular space outside the casing was grouted up to 

the surface. A minumum period of 24 hours passed prior to rotary drilling 

to allow the grout to harden. In this manner, all highly contaminated soil 

is effectively isolated by a three-layer completion system (grout seal, steel 

casing, and a second grout seal). 

One well (W-7) was constmcted with 6-inch PVC, all others with 4-inch 

PVC. The 6-inch well was installed to facilitate any long-term pump tests 

because a 4-inch well is too small to permit the use of high-discharge sub

mersible pumps. 
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2.11.3 Well Development 

All monitoring wells were developed prior to sample collection or aquifer 

testing. Each well was first bailed until the produced ground-water was 

visibly free of drilling fluid. Next, a submersible pump was lowered into 

each well, and development proceeded until the water was visibly clear. 

During pumping, the pump was raised and lowered through the entire screen 

section so the entire well (not just the permeable sections) was developed. 

Regardless of ground-water clarity, a minimum of 10 well volumes were removed 

from each well before development was completed. 

2.11.4 Aquifer Tests 

Several aquifer tests were performed during the Purity field investiga

tion. A total of 7 short-term pump tests were performed (W-1 through W-3 

deep, W-4, W-6, W-7, W-9), and one long-term pump test was performed in the 

6 inch monitoring well (W-7). Three slug tests were performed in the shal

low monitoring wells at the dual completion sites because the wells were 

found to pump down drastically during well development. All testing equip

ment was steam cleaned prior to placement in a monitoring well to prevent 

cross-contamination. 

The pump tests were performed with either a Gmndfos stainless-steel 

submersible pump capable of pumping 55 gallons per minute (gpm) or a Goulds 

submersible pump capable of pumping 20 gpm. Pumping rates during the tests 

varied from 55 gpm to 2 gpm. Discharge rates were calculated by timing the 

filling of a calibrated 5-gallon container. All ground-water discharge was 

pumped directly onto the ground downgradient and downslope from the well. 
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Long discharge hoses were used for the wells in the trailer park adjacent to 

the site so that ground-water could be discharged onto the Purity site. 

The slug tests were performed in the shallow completion wells using a 

sealed PVC tube filled with sand. A clean rope was used for each slug test 

to prevent cross-contamination. The slug was also steam cleaned after each 

test. 

The response of the aquifer to either pumping or removal of the slug was 

monitored using pressure transducers capable of resolving pressure changes 

equivalent to water level variations of 0.006 foot. All variations in water 

levels were recorded by the HLA hydrogeologist. The results of the tests 

are presented in Section 6.6.2. 

2.12 Ground-Water Sampling Program 

Ground-water samples were collected from each monitoring well installed 

during the field investigation, from the nondamaged EPA-installed monitoring 

wells, and from several private water wells near the site. For the HLA- and 

EPA-installed wells, 5 well volumes were removed prior to sample collection. 

Because of incomplete records of the private well constmction details, it 

is impossible to verify the number of well volumes removed from each of these 

wells. 

Ground-water samples were collected from all wells at least once. A 

second set of samples was collected from the EPA-installed wells and from 

the wells installed during the Purity RI/FS field investigation. The fol

lowing sections describe the sampling methodology for each type of well. 
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2.12.1 Private Wells 

A total of 12 private water supply wells were sampled in the vicinity of 

the Purity site (Plate 2.12-1). The wells were located on both industrial 

facility properties and private landowners' properties (Table 2.12-1). In 

addition to the private well samples, a sample was collected from the Malaga 

water supply system. The sample was collected from a tap located in the 

Tall Trees trailer park at the request of DHS in response to local complaints 

that the water had a "bad taste". 

Each sanple was collected after purging the wells for a short time. 

Many of the wells did not have a tap at the well site, so in these instances 

samples were collected several feet from the well. Each sample was col

lected in accordance with the sampling procedures outlined in the Purity 

QA/QC Plan, and Level A analyses were performed immediately after sample 

collection. Only 10 samples were submitted for laboratory analysis because 

of the original contract budget. The analyzed samples were selected based 

on the results of the Level A analyses and the geographic distribution of 

the wells. The geographic distribution was important in evaluating whether 

ground-water contamination existed in any direction away from the Purity 

site. 

All analyzed samples were submitted for Level C analyses. The results 

of the analyses are summarized in Section 6.6.4 and tabulated in Appendix E. 

2.12.2 Existing EPA Monitoring Wells 

Seven monitoring wells were installed by the EPA in 1982. HLA attempted 

to sanple all seven wells and discovered that two were nonfunctional and 
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that one was not suitable for sampling. The two nonfunctional wells con

tained obstmctions located above the water table. The well that was not 

suitable was installed improperly so that sample integrity would have been 

questionable; it was completed below the ground surface less than 20 feet 

from a surface seep of tarry waste having a pH of 1.0. Also, none of the 

EPA installed wells had caps on them. The wells did have locking steel 

covers, ensuring that no vandalism could have occurred. 

The EPA-installed monitoring wells were constmcted from both 2- and 

4-inch-diameter PVC. The purging methodology differed for each size. The 

4-inch wells (EPA 1 and 2) were purged using a submersible pump. The wells 

were pumped dry during the purging operations and produced large quantities 

of silt and sand. The purging operation was then modified to pump the well 

dry, allow it to recover, and repeat until five well volumes had been 

removed. The wells never produced clear water. The 2-inch wells (EPA 4 and 

7) were purged by bailing until five well volumes had been removed. Even 

with bailing, the wells produced silt and sand during purging. 

After purging, ground-water samples were collected using a stainless-

steel bailer. The bailer was steam cleaned prior to collecting each sangple, 

and a new rope was used for each sample. All samples were analyzed in the 

field according to Level A procedures, stored in the on-site refrigerator, 

and submitted to Radian's analytical laboratory for either Level B or C 

analyses. 

Three of the EPA wells were sampled twice (EPA 1, 2, and 7). When an 

attempt was made to collect the second sample from EPA 4, it was discovered 
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that the operators of the used car parts company where the well is located 

had inadvertently placed a car over the well. No sample was collected. 

2.12.3 New Monitoring Wells 

All monitoring wells installed as part of the Puril^y RI/FS were purged, 

using submersible pumps, of five well volumes prior to sampling. Each well 

was pumped until the water was clear. After purging, ground-water samples 

were collected with a stainless-steel bailer. The bailer and pump were steam 

cleaned prior to use in each well. A new rope was also used for collecting 

each sample. Each well was sampled two times (after development and approx

imately one month later) and submitted for either Level B or C analyses. 

Samples were stored in the on-site refrigerator prior to shipment. Level A 

analyses were perfontied in the field on the first set of ground-water sam

ples, and not performed on the second set because the field chemistry trailer 

had been removed from the site several weeks prior to sampling. The results 

of the chemical analyses are summarized in Section 6.6.4 and tabulated in 

Appendix E. 

2.13 Geophysics Exploration Program 

This section of the report presents a summary of the techniques used for 

the geophysical investigations performed at the Purity Oil Sales site. The 

objective of the geophysical investigations was to evaluate anomalies indi

cative of waste, buried obstmctions, and lithologic changes. Ground pene

trating radar (GPR), electromagnetic profiling (EM), self-potential surveying 

(SP), vertical electrical sounding (VES), and downhole and cross-hole resis

tivity were used to accomplish the investigation objective. GPR surveying 
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was performed at the Purity site during June 12-15, 1984, by David Gibbs and 

Richard Lee of HLA. The remaining geophysical work was performed during 

July 24-29, 1984, by James Rezowalli, Richard Lee, and Robert Corwin of HLA. 

2.13.1 Ground Penetrating Radar 

GPR was used to check potential drill sites for buried obstmctions such 

as metallic objects, mbble, and other large objects. Such obstmctions 

were common on the surface at the site and, if present in the subsurface, 

could greatly hinder drilling operations. GPR was used to locate areas free 

from obstmctions and thereby reduce drilling time and expense. The GPR 

data were also used to evaluate the composition of the first few feet of 

soil at the site and to evaluate the potential boundaries of buried ponds 

and sumps. A total of 24 radar profiles were made at the site 

(Plate 2.13-1). Section 6.7.1 presents the results of the GPR surveying. 

The GPR system uses radar technology to obtain continuous high-resolution 

electromagnetic profiles of the subsurface. The depth of penetration is a 

function of the electrical properties of subsurface materials and the fre

quency of the radar antenna. GPR transmits a signal that is coupled to the 

ground by an antenna. When the subsurface signal encounters a boundary 

between media with different electrical properties, some of the wave energy 

is reflected back to the surface, picked up by the antenna, amplified, and 

printed on a graphic recorder. A traverse along a radar scan line results 

in a continuous graphic record of the subsurface. 
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2.13.2 Electromagnetic Profiling 

Electromagnetic (EM) ground conductivity surveying (Plate 2.13-2) was 

conducted to detect lateral changes in the ground conductivity below the 

site surface. The ground at the site is composed of natural alluvium, f i l l 

material (including constmction debris), waste material, and metallic 

objects. Each of these materials was expected to have different electrical 

conductivities. By observing conductivity changes within the site, the gen

eral locations of various material types could be evaluated. The EM survey 

data were used to evaluate the lateral and vertical extent of soil related 

to the waste pits and to help correlate stratigraphy between boreholes. 

Section 6.7.2 presents the results of the EM surveys. 

A Geonics EM34-3 two-coil electromagnetic conductivity system was used 

to measure the apparent ground conductivity beneath the site. An illustra

tion of the EM34-3 is given in Appendix B. The depth of investigation of 

the EM34-3 depends on the transmitter/receiver coil separation and coil 

orientation. A 20-meter coil spacing was used at the site. The depth of 

penetration when the coils were perpendicular to the ground was about 45 

feet, and the depth of penetration when the coils were parallel to the ground 

was about 90 feet. A closer coil spacing could have provided slightly more 

accurate conductivity values for the near-surface soils, but conductivity 

variations caused by geologic changes would have been masked by any nearby 

metal. 

Electromagnetic conductivity measurements were made at stations spaced 

at 50-foot intervals along six parallel, east-west traverse lines 
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(Plate 2.13-2). Two conductivity measurements were made at each station: 

one with the coils perpendicular to the ground (horizontal dipole mode) and 

one with the coils parallel to the ground (vertical dipole mode), as shown 

on Plate B2. Measurements were made and recorded with the receiver coil 

positioned at a station and the transmitter coil 20 meters to the west. 

2.13.3 Self-Potential Survey 

The purpose of the self-potential (SP) survey was to detect anomalous 

variations in the natural electric potential field of the ground adjacent to 

the North Central Canal (Plate 2.13-3). Such anomalies can be caused by 

voltage variations (streaming potentials) generated by seepage from the 

canal. The apparent flow pattems of the seepage could then be used to 

evaluate potential migration pattems of contaminants. SP measurements were 

made along three traverse lines mnning roughly parallel to the canal 

(Plate 2.13-3). Eighty measurements were made during the SP investigation. 

The SP instmmentation consisted of a Beckman 310 digital multimeter and 

two copper-copper sulfate electrodes. Measurements were made with one elec

trode at a base station and the other positioned at stations spaced at 

approximately 50-foot intervals along the three traverse lines. The multi

meter was used to measure the potential difference between the two electrodes 

for each station. The potential values were plotted at the stations where 

they were obtained and then contoured. 

2.13.4 Vertical Electric Soundings 

Three vertical electric soundings (VES) were performed at the Purity 

site to evaluate vertical changes in electrical resistivity beneath the site. 
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Vertical changes in resistivity indicate vertical variations in subsurface 

geology. The changes in resistivity beneath the site were used to evaluate 

the depth of f i l l and waste material, to help correlate stratigraphy between 

boreholes, and to evaluate whether any aquifer confining layers might exist 

at depth. Locations of the soundings are shown on Plate 2.13-4. Section 

6.7.4 presents the results of the VES survey. 

The main components of the VES system are a Bison 2390 current trans

mitter, a Fluke 8050A digital multimeter, two copper-copper sulfate potential 

electrodes, and two metal current electrodes. The vertical resistivity mea

surements were made using the Schlumberger array illustrated in Appendix B. 

The maximum current electrode separation for each sounding was 424 feet, 

giving a maximum depth of investigation of approximately 150-200 feet. 

Layer thicknesses and resistivities were determined using an inversion 

program developed by Atlas Copco in Sweden. The results of a sounding are 

input into the program together with an initial estimate of the number of 

layers, their thicknesses, and their resistivities. Usiiig an iterative pro

cess, the program improves the estimate until a solution is found that mini

mizes the error between the calculated apparent resistivity curve and the 

points obtained from the field data. Once a best-fit solution has been 

determined, individual layer thicknesses and resistivities can be varied and 

the iterative process repeated to establish a range of values that will pro

vide an estimate of the accuracies of the interpreted layer thicknesses and 

resistivities. 
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2.13.5 Downhole and Cross-Hole Resistivity 

Downhole and cross-hole resistivity measurements were made to evaluate 

the vertical and lateral resistivity distribution in the areas immediately 

adjacent and between the six boreholes (Plate 2.13-5). These data were 

used to evaluate the depth of contamination and to augment the VES survey. 

Downhole resistivity was measured at three or four depths in each of the six 

boreholes (Plate B5). 

Cross-hole resistivity measurements were made to measure resistivities 

between boreholes at increasing depths beneath the ground surface. The 

cross-hole resistivity measurements were made using three arrays of four 

consecutively spaced boreholes (Plate 2.13-5). Measurements were made at 

10-foot depth intervals to either 50 or 60 feet below the ground surface 

(Plate B3). Section 6.7.5 presents the results of both types of resistivity 

measurements. 

The components of the downhole and cross-hole resistivity system com

prised a Bison 2390 current transmitter, a Fluke 8050A digital multimeter, 

PVC pipes, and copper wire. Electrodes were placed along 1-inch-diameter 

PVC pipes at 10-foot intervals. The electrodes were made by wrapping several 

tums of bare copper wire around the PVC pipe and connecting each electrode 

to the surface with insulated wire. A PVC pipe with electrodes was installed 

in six boreholes (Plate 2.13-5). Wenner arrays (Plate B5) were formed for 

downhole resistivity from four consecutive electrodes along a PVC pipe. The 

two outer electrodes were connected to the current transmitter, the two inner 

electrodes to the multimeter. Current was transmitted between the outer 
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electrodes, and the potential difference was measured between the two inner 

electrodes. Once a resistivity value was calculated from the measured cur

rent and potential difference, the array was shifted by one electrode spacing 

down the borehole and the process repeated. Each resistivity value reflects 

the resistivity of material immediately adjacent the borehole and lying 

between the two outer electrodes used during the measurement. The values do 

not apply to particular electrodes and therefore are plotted on cross-

sectional diagrams at a depth equal to the center of the electrodes used 

during the measurement (Plate 6.7-6). It should be noted when reviewing the 

cross-sectional diagram that each value represents an average resistivity 

for material along 30 feet of the borehole. 

For cross-hole resistivity, Wenner arrays were formed from electrodes at 

the same elevation below the surface in four consecutively spaced boreholes 

(Plate B3). The current transmitter was connected to the two outer elec

trodes and the multimeter was connected to the two inner electrodes. Cur-

rent was transmitted between the two outer electrodes and the potential dif

ference was measured between the two inner electrodes. Once an apparent 

resistivity was calculated, the array was shifted down by one electrode in 

each of the four boreholes and the process repeated. Similar to downhole 

resistivity values, cross-hole values represent average resistivities for 

the material lying between the two outer electrodes at about the depth where 

the measurement was made. The resistivity values do not apply to material 

around a particular borehole and therefore are plotted on two-dimensional 

diagrams at the midpoint of the array and at the depth used during the mea

surement (Plate 6.7-6). It should be noted when reviewing the diagram that 
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each value represents an average resistivity for as much as 500 feet of 

material lying between the two outer electrodes of each array. 

2.14 Sample Handling. Storage. Shipping, and Custody • 

This section discusses the sample handling, storage, shipping, and cus

tody procedures used for samples collected during the RI. The procedures 

varied depending on the sample matrix (solid, liquid, air). The primary 

mechanism for ensuring that all necessary information was collected for each 

sample was the use of preformatted field data and sample custody forms. 

2.14.1 Sample Handling and Storage 

The sample handling and storage procedures varied for the three sample 

matrices. 

Solid samples were collected in 1-quart glass jars with teflon-lined 

lids. These samples were immediately frozen on site at 4''C until shipped. 

At the time of collection, a small split of each solid sample was collected 

in a 40-ml VOA bottle for on-site Level A analysis. These sample splits 

were discarded following analysis. 

Liquid samples were collected in 12 splits for laboratory analyses. The 

type of sample container, method of preservation, and analytical parameter 

tested for each split are given in Table 2.14-1. Liquid samples were stored 

in an on-site refrigerator at 4''C until shipped. An additional split of the 

liquid samples was retained for on-site Level A analyses. These sample 

splits were discarded after analysis. 
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Air (gas) samples were collected in evacuated stainless-steel canisters. 

Air samples were stored at ambient ten^erature. 

2.14.2 Shipping 

Prior to shipping, solid samples were separated into two categories: 

samples for Level B and C analyses, and samples to be archived. Solid sam

ples intended for analyses were shipped by overnight carrier (Federal 

Express) to Radian's Austin, Texas laboratory. Solid samples were shipped 

frozen in coolers containing "blue ice." Upon arrival in Austin, the solid 

samples were stored at 4"C until required for analyses. Solid samples to be 

archived were hand-carried to Radian's Sacramento, Califomia laboratory. 

These samples were transported frozen and stored at 4*'C upon arrival in 

Sacramento. 

All liquid samples were shipped by overnight carrier (Federal Express) 

to Radian's Austin laboratory. Cooled liquid samples were shipped in coolers 

containing "blue ice" at 4"C and were stored at 4"'C in Austin until analyzed. 

Air (gas) samples were shipped at ambient conditions to Radian's Austin 

laboratory by overnight carrier (Federal Express). 

2.14.3 Custody 

Detailed record keeping and sample control procedures were essential for 

the successful completion of the sampling and analysis program. Each sample 

collected during the RI was assigned a unique sample number. Each sample 

was immediately affixed with a Radian Sample Label providing pertinent 

information for sample control. An example of the sample label is shown on 

Plate 2.14-1. 
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Radian field personnel maintained an on-site Master Sample Log for all 

samples collected. Sample numbers and other pertinent information were 

recorded daily in the Master Sample Log. Shipment of samples to either 

Radian's Austin or Sacramento laboratory was also recorded in the Master 

Sample Log. In this was the Master Sample Log served as the on-site chain-

of-custody record. An example of the Master Sample Log is shown on Plate 

2.14-2. 

Radian chain-of-custody forms were prepared for all samples prior to 

shipment off-site. Plate 2.14-3 shows the Radian chain-of-custody form pre

pared for solid and liquid samples. Plate 2.14-4 shows the chain-of-custody 

form prepared for air (gas) samples. Intemal laboratory chain-of-custody 

documentation is not discussed in this section. 
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3.0 CHEMICAL ANALYSIS PROGRAM 

This section describes the chemical analysis program approved by DOHS 

and EPA for the Phase I Purity Site Remedial Investigation. The (Quality 

Assurance Project Plan, written and submitted as a conl^ract requirement 

(June 14, 1986), includes a detailed presentation of quality control and 

quality assurance for the Chemical Analysis Program (Radian, 1984). 

The analytical methods for solid, liquid, and air samples, and the 

resultant analytical matrices, are specified and discussed. Where appro

priate, EPA-recommended methodologies were used. Some of the approved 

methodologies vary from current EPA standard methods. The altemative 

methods were utilized because of the character of wastes encountered at 

Purity. Based on iexperience in chemical waste site characterization, in 

particular with matrices similar to those prepared for the Purity site, it 

was known that some of the EPA methodologies are not appropriate and would 

not have produced representative data. The rationale for deviating from EPA 

methodologies is discussed as applicable in the presentation of each method. 

Deviations from standard methodologies were agreed to by DOHS and EPA. 

3.1 Introduction 

The sampling and analytical scheme used to determine the chemical 

characterization of the Purity site included: 1) collection and preserva

tion of a large number of samples on site, 2) field-screening (Level A) 

analyses of all samples, 3) intermediate laboratory analyses (Level B) of 

selected samples, and 4) extensive analyses (Level C) of selected samples. 
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Collection and preservation of a large number of samples will allow for 

additional analyses if required during Phase II. 

The purpose of the three levels of analyses (A, B, and C) is as follows: 

Level A - Field Screening. On-site screening provided initial iden
tification of sample type, served as the basis for the selection of 
samples for Level B and Level C analyses, and indicated the relative 
organic content of waste samples prior to analyses. 

Level B - Intermediate. The purpose of the intermediate analyses was to 
provide a means of evaluating waste/contamination distribution without 
performing extensive analysis of all samples. Since the composition of 
different matrices (waste, water, soil, sediment) varied, different 
intermediate procedures were used for analyzing the various matrices. 
The chemical tests used for each matrix were based on existing chemical 
data (HLA, 1984). 

Level C - Extensive. Extensive analyses were performed to characterize 
the primary pollutants in waste and other sample types. The criteria 
for selecting parameters for extensive analyses were those that were: 

- Recommended by DOHS (e.g., PCBs, lead, halocarbons) 
- On EPA's hazardous substances list (e.g., tetraethyl lead) 
- Priority pollutants 
- Indicative of the waste 
- Associated with air pollution and odor problems 
- Required for definition of existing environmental impact 

- Required to define migration potential. 

Sample media collected at the Purity site for analysis were classified 

as either solid, liquid, or air. The analytical parameters that were deter

mined in each level of analysis for each media are presented in Table 3.1-1. 

Level A analyses (screening) were identical for all solid and liquid sam

ples. Solid sample media for Level B analyses (intermediate) included 

wastes and contaminated soils, noncontaminated soils, and canal sediments. 

Water sample media for ground and surface water were analyzed using the same 
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procedures. Level B analyses were intended to provide an evaluation of 

waste/contamination distribution and included certain tests that were not 

performed at other analytical levels. The rationale for differentiating 

media types and the analytical parameters specified for each are discussed 

below. 

3.1.1 Wastes and Contaminated Soils 

This medium is much more difficult to analyze than normal soils because 

of the high organic content. Analyses for oil and grease, ultimate, and 

proximate are intended to help characterize the waste. Ultimate analyses 

included total sulfur, which is more accurate for wastes than individual 

determinations of sulfate, sulfite, and sulfide. The total sulfur data can 

be compared with inorganic sulfur species data for those samples that were 

analyzed extensively (Level C). The parameters SO", selected volatile 

species, pH, conductivity, lead, phenols, and oil and grease are used to 

evaluate horizontal and vertical waste migration. Analysis for selected 

volatile species quantified the more mobile organic compounds. Conductivity 

and pH are indicators of inorganic compound migration. Lead was identified 

as a primary inorganic contaminant and was evaluated individually. Phenols, 

because of their solubility in water, are excellent indicators for organic 

compound migration. Oil and grease were used to evaluate the distribution 

of bulk waste. 

3.1.2 Noncontaminated Soils 

These samples were collected from both off-site and on-site areas. The 

basic function of Level A and Level B testing was to indicate if any 
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contamination was present. The volatile species screen was used to indicate 

organic contamination. Conductivity, pH, and metals determined by induc

tively coupled plasma emission spectroscopy (ICPES) were used to indicate 

inorganic contamination. Data on the ICPES metals were used to evaluate 

whether previously observed high concentrations of metals off site may be 

the result of migration from on-site sources. 

3.1.3 Canal Sediment 

Contamination of the canal sediment could have resulted from direct 

spillover or from surface mnoff and erosion. Analysis for selected vola

tile species was used to indicate organic contamination of the canal. 

Contamination from direct spillover or long-term accumulation of nonvolatile 

organics is indicated by the oil and grease analysis results. Phenols are 

used to indicate organic water-soluble surface mnoff into the canal. The 

pH, conductivity, and sulfate analyses results are used to indicate inorganic 

contamination of the sediment. ICPES metals results are used to indicate 

metal contamination and accumulation in the sediment. 

3.1.4 Ground Water and Surface Water 

Previous monitoring data from ground-water samples have indicated con

tamination by volatile halogenated organics (methylene chloride, trichloro

ethylene, tetrachloroethylene), as well as elevated levels of various 

metals. Volatile halogenated priority pollutant concentrations were deter

mined in Level 6 analyses. Phenols are also used as initial indicators of 

organic contamination. ICPES metals, sulfate, pH, and conductivity were 

used to indicate inorganic contamination. 
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3.1.5 Air Samples 

Real-time gas measurement was performed in all areas of the site to 

provide surface concentration data, surface emissions data, and Level A 

screening of solid and liquid samples. Level C analysis was performed on 

all gas samples to provide detailed hydrocarbon speciation. 

3.2 Level A Analyses 

Level A screening analyses were performed on all samples obtained on 

site. Level A tests were performed to; 1) provide immediate feedback for 

on-site activities, 2) indicate which samples required further analyses, and 

3) document specific parameters to help define integrity during storage. 

Screening of samples consisted of three tests: 

- Volatile organic species screen 

pH (EPA Method 150.1) 

Conductivity (EPA Method 120.1). 

The volatile organic species screen was used as an indicator of organic 

contamination. Conductivity and pH were used as indicators of inorganic 

contaminants. Appendix D lists all samples collected during the,Phase I 

investigation. With few exceptions, all samples listed in Appendix D were 

subjected to Level A screening analyses. 

3.2.1 Volatile Organic Screen 

All samples were screened for volatile organic compounds (VOCs) using a 

headspace gas analyzer technique. Although no standard EPA techniques have 

been defined for this procedure, the technique used by Radian has been 
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previously field-tested and found to provide useful Level A screening of 

volatile sample character. Gas analyzers were used to "snoop" solid and 

liquid samples. Level A volatile screening was accomplished using total 

hydrocarbon, total aromatic, and total SÔ  type gas analyzers. These 

analyzers are described in Section 2.6.1. For most samples, an AID Model 

580 portable photoionization analyzer was used. 

3.2.2 pH and Conductivity 

The pH of water and solid samples was determined on site according to 

EPA Method 150.1 using a commercially available pH meter equipped with 

combustion electrodes. All solid samples were mixed 1:1 with distilled 

water prior to pH and conductivity determinations. Calibration of the pH 

meter was performed daily using at least two buffers that spanned the 

expected pH range of the samples. Conductivity was determined for the same 

solution using a Wheatstone Bridge-type conductance meter as specified by 

EPA Method 120.1. 

3 .3 Level B Analyses 

Level B analyses were performed on numerous selected samples. The 

purpose of these intermediate analyses was to characterize gross qualities 

of the waste, provide a means of evaluating waste distribution in contami

nated soils, and detect possible contamination in other samples. 

3.3.1 Solids 

Solid samples were classified as noncontaminated soils, canal sediment, 

contaminated soils, or waste. This classification was necessary because 
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different information was required from each matrix type for the interme

diate analyses. The analytical parameters and methods used for Level B 

analyses of solid samples are presented in Table 3.3-1. The 193 solid 

samples selected for Level B intermediate analyses are listed in Appendix D. 

Ultimate analyses of wastes and contaminated soils (Level B) provided 

data on total sulfur. This technique is not subject to some of the inter

ferences that affect individual sulfur species determinations in chemical 

wastes with high organic content. Independent measurement of sulfur by two 

different techniques (in Level B and Level C analyses) provides quality 

assurance checks on data and on the methods used. Also, SÔ  was not 

included in the list of parameters for extensive sample analyses. SÔ  

emissions were measured on site and during coring and excavation procedures, 

but not in the soil and waste samples which were collected. 

Sulfate in canal sediment was determined following extraction of samples 

with 0.001 M lithium chloride. Sulfate was determined by ion chromatography 

as described in Section 3.4.2. While ion chromatography is not officially 

approved by EPA, it is routinely used by that agency in its laboratories. 

EPA and ASTM have begun studies directed toward establishing ion 

chromatography as an official method (Hillman et al., 1968). 

3.3.2 Water 

Water samples were classified as either surface water or ground water. 

The analytical parameters and methods used for Level B analyses of water 

samples are presented in Table 3.3-2. Several water samples were not 
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subjected to the f u l l range of Level B intermediate analyses since these 

samples were selected for Level C extensive analyses. The 34 water samples 

selected for Level B intermediate analyses are listed in Appendix D. 

Sulfate in water samples was determined by ion chromatography. 

3.3.3 Air 

No Level B type analyses were performed on air samples. 

3.4 Level C Analyses 

Level C (extensive) analyses were performed on selected samples. The 

purpose of Level C analyses was to characterize the priority pollutants 

present in the sanples and to provide information for other selected param

eters of special interest. 

3.4.1 Solids 

Analytical parameters and methods used for extensive analyses of solid 

(soil, waste, and sediment) samples are listed in Table 3.4-1. The 50 solid 

samples subjected to Level C extensive analyses are listed in Appendix D. 

3.4.1.1 Inorganic Parameters 

The acidity of solid samples was determined using EPA Method 305.1, 

following preparation of extracts having a 1:1 ratio of solids to deionized 

water (Black, 1965). Potentiometric measurement of pH was used to determine 

pH of the extract and to follow the course of the titration during the 

acidity determination. 

Sulfite and sulfide were determined using EPA-approved methods. The 

EPA-approved analytical procedures are presented in "Methods for Chemical 
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Analysis of Water and Waste" (EPA 600/4-79-020) and cited in 40 CFR Part 

136, Table I. Sulfite in solid samples was determined iodometrically 

according to EPA Method 377.1 following preparation of extracts having a 1:1 

ratio of solids to deionized water. Interferences by sulfide were removed 

by treating the extract with zinc acetate. Sulfide in solid samples was 

determined spectrophotometrically as methylene blue following distillation 

of sulfide from the solids as hydrogen sulfide. The hydrogen sulfide gas 

was trapped in zinc acetate solution for subsequent analysis. The details 

of the distillation and analysis are described in Plumb (1981a). 

Sulfate was determined following extraction of samples with 0.001 M 

lithium chloride. Sulfate was determined by ion chromatography which is 

described in Section 3,4.2. 

3.4.1.2 Priority Pollutant Organic Compounds 

For priority pollutant and other organic species, including PCBs in 

soils and wastes. Radian used the EPA EnviroTimental Monitoring Systems 

Laboratory - Las Vegas (EMSL-LV) procedures as guidelines. These procedures 

are modifications of the EPA methods for priority pollutants in water, 

specifically for soils and wastes. In addition to the modified procedures, 

EPA EMSL-LV has published a Hazardous Substances List (HSL) which includes 

all priority pollutants plus additional compounds of specific interest in 

hazardous waste situations. Radian used the expanded (HSL) priority pollu

tant list. For semivolatile organics. Radian employs a more appropriate 

extraction technique as a modification to the EPA EMSL-LV procedure which 

provides a more efficient and reproducible quantitation of semivolatile 
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species. The extraction method is EPA Method 3540 from SW-846. These 

methods are discussed for water samples in Section 3.4.2. 

3.4.1.3 Priority Pollutant Metals 

Priority pollutant metals were determined by HCl/HNÔ  sample digestion 

followed by ICPES analysis as specified by EPA methods. For soil and waste 

samples, mercury and selenium were analyzed by atomic absorption. 

3.4.2 Water 

Analytical parameters and methods for Level C (extensive) analyses of 

water samples are presented in Table 3.4-2. Tables 3.4-3 through 3.4-5 

support Table 3.4-2 (and Table 3.4-1) with detailed information regarding 

those methods used. Appendix D lists the 37 water samples subjected to 

Level C analyses. 

The acidity of water samples was determined according to EPA Method 

305.1. Potentiometric titration was performed using standard sodium 

hydroxide following the mandated sample preparation protocol. The course of 

the titration was followed potentiometrically using a combination electrode 

and calibrated pH meter. 

Hardness, total organic carbon (TOC), phenols, chemical oxygen demand 

(COD), and total dissolved solids (TDS) were determined using the routine 

EPA procedures. 

Sulfite in water samples was determined iodometrically according to EPA 

Method 3 77.1. Acidified aliquots were titrated with standardized potassium 

iodide-iodate titrant to a starch endpoint. Interferences by sulfite were 

removed prior to the titration by addition of zinc acetate. Samples were 
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taken from the supematant above the zinc sulfide precipitate to obtain 

accurate results. 

Sulfide in water samples was determined iodometrically according to EPA 

Method 376.1. Sulfide was precipitated as zinc sulfide by addition of zinc 

acetate. The zinc sulfide was filtered off with minimum aeration of the 

precipitate. The precipitate was added to an excess known amount of 

standardized iodine. The iodine remaining following stoichiometric reaction 

of sulfide and iodine was titrated with standardized phenylarsine oxide. 

Sulfate, chloride, nitrate, and fluoride in water samples were deter

mined by ion chromatography, a widely recognized analytical technique which 

is ideally suited for turbid or colored liquids. This technique was chosen 

because of previous difficulties encountered with applications of standard 

methods for analysis for sulfate and chloride. Anions are separated using 

anion exchange resin and carbonate/bicarbonate eluent. Detection and quan

titation of anions was performed conductometrically. While ion chroma

tography is not officially approved by EPA, it is routinely used by that 

agency in its laboratories, and EPA and ASTM have begun studies directed 

toward establishing ion chromatography as an official method (Fitchett, 

1981; Plumb, 1981b). 

3.4.2.1 Ion Chromatography 

Ion chromatography (IC) was utilized in the determination of sulfate, 

chloride, nitrate, and fluoride. Ion chromatography combines the techniques 

of ion exchange, liquid chromatography, and conductometric detection for the 

determination of aqueous ionic species. 
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A sample is injected into the instmment by means of a O.l-ml sample 

loop and is eluted through a system of two ion exchange columns and a con

ductivity cell. The first column separates the ions in the sanple. Each 

different ion has a characteristic retention time in the column for a given 

set of conditions. The second column removes the eluent ions, thus mini

mizing the background conductivity of the eluent. Finally, the conductivity 

cell is used to determine the concentration of ions in the sanple. 

By comparing the sample ions' retention times to retention times of 

knotm ion standards, specific ions are identified. Standard ion solutions 

of known concentrations are mn to obtain a calibration curve of peak height 

(from a strip chart recorder) versus concentration. The peak heights of the 

samples are then compared to the standard curve to obtain sample concentra

tions. 

The IC instmmental method involves the generation of a standard 

calibration curve. This curve, a linear plot of analyte concentration 

versus instmment response (conductivity), is generated using response data 

from analysis of the blanks and calibration standards. These data are 

plotted mathematically by the method of Least Squares Fit of Data to get the 

slope, Y-intercept, and correlation coefficient of the calibration curve. 

The validity of the resulting curve may be assessed by examining these three 

items. The slope of the curve is related to response sensitivity. Any 

marked deviation from the average slope for the method and/or parameter of 

interest indicates that a change in sensitivity has occurred. The 
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Y-intercept of the curve should ideally be equal to zero, i.e., instmment 

response to a blank should be zero, and the calibration curve should pass 

through the origin. In practice, the curve rarely passes exactly through 

the origin. 

The correlation coefficient is indicative of the linearity of the 

curve. Perfect correlation of the X and Y data points is indicated by a 

correlation coefficient of 1.0. An acceptable calibration curve will have a 

correlation coefficient of >0.9950. 

3.4.2.2 Volatile Organic Priority Pollutants and Volatile Sulfonated Organics 

Volatile organic priority pollutants, volatile sulfonated organics, and 

other major volatile organics were determined using a purge-trap GC/MS tech

nique. Conditions for the GC/MS determination of volatile species are 

summarized in Table 3.4-6. All qualitative and quantitative data processing 

was performed using procedures specified in EPA Method 624. As a result of 

the initial evaluation of existing data, a list of priority compounds was 

developed. This list consisted of the 31 volatile compounds listed in EPA 

Method 624, the additional eight volatile compounds listed in EPA EMSL-LV 

Procedure No. 1 (Hazardous Substance List - HSL), and a list of target 

sulfonated organics and other volatile organics identified as priority 

compounds during the initial data evaluation. Compounds on the priority 

pollutant and HSL lists are presented in Table 3.4-3. The priority list was 

submitted to DOHS for approval. Each sample analyzed was screened for all 

con5)onents on the priority list, plus the 10 major components observed in 

the sample that are not on the priority list. (Quantitation of sample 
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components was based on deuterated intemal standards, and response ratios 

were established on a daily basis, as described in EPA Method 624. 

3.4.2.3 Semivolatile (Extractable) Priority Pollutant Organics 

Semivolatile (extractable) priority pollutant organics and other major 

semivolatile organics were determined using EPA Method 625 (GC/MS) as modi

fied for hazardous waste applications. The modifications of the original 

Method 625 procedure (for water analysis) involved combining the acid and 

base/neutral extracts prior to analysis, and analyzing for an expanded list 

of priority pollutants (EPA EMSL-LV Procedure No. 2). A list of priority 

compounds was prepared for all semivolatile organic analyses and submitted 

to DOHS for approval. This priority list contained all compounds targeted 

during the initial data evaluation, the 56 compounds listed as semivolatile 

priority pollutants, and the additional 12 compounds from EPA's Hazardous 

Substances List. These compounds are listed in Table 3.4-4. All qualita

tive and quantitative data processing was performed using procedures 

specified in EPA Method 625. Each sample analyzed was scanned for all 

compounds on the priority list, plus the 20 major species present that were 

not on the priority list. 

3.4.2.4 Priority Pollutant Metals 

Priority pollutant metals concentrations were determined using a com

bination of ICPES and atomic absorption (AA) spectroscopy. The metals which 

were determined, the method for each metal, and EPA method references are 

presented in Table 3.4-5. 
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3.4.3 Air 

Gas/vapor samples from canisters were analyzed for C2 to CIO hydrocar

bons using the gas chromatography/flame ionization detector-photoionization 

detector-Hall electrolytic conductivity detector (GC/FID-PID-HECD) system at 

Radian's Austin laboratory. This analysis takes place in three steps: 

cryogenic concentration, gas chromatographic separation and detection, and 

data evaluation. All data are reported as parts per million by volume 

(ppmv) by species in dry air as quantitated against National Bureau of 

Standards (NBS) traceable propane and hexane standards. 

3.4.3.1 Gas Samples 

To achieve the desired detection levels, hydrocarbon species were 

separated from the ambient air matrix and concentrated. This was accom

plished by passing the canister air sample (which is pressurized to approx

imately 15 psig) through a Perma-Pure drying tube to remove water vapor and 

then through a trap cooled in liquid oxygen. The trap consisted of 6-inch 

by 1/8-inch O.D. stainless steel tubing which was packed with 100-120 mesh 

glass beads. The amount of sample which was passed through each trap varied 

depending on the levels of hydrocarbons present. Normally, a volume of 500 

ml was used. Previous studies (EPA 904/80-0-5) have shown efficient reten

tion of all light hydrocarbon species with this system for collection 

volumes up to 500 ml. The volume of sample passed through the traps was 

collected in a fixed volume reservoir, and the pressure measured with a 

high-precision pressure gauge (Airco No. 60010). When the desired 
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volume of sanple had been passed through the traps, hydrocarbon species were 

desorbed directly onto the analytical columns by heating the traps with 

boiling water and an electric heater and backflushing with carrier gas. 

All analyses were performed on a Varian 3700 gas; chromatograph. Hydro

carbon species were separated on a 60 m by 0.32 mm I.D. SE-30 fused silica 

capillary column. The column was temperature programmed from -50° to +100''C 

at 6"'C per minute, with a two-minute initial hold. A flame ionizaton 

detector (FID) was used to detect and quantitate hydrocarbon species. 

A photoionization detector (PID) was interfaced to the same capillary 

column as the FID via a fused silica splitter. The PID output was used to 

generate toluene normalized response (TNR) factors for the components of 

interest. These data provided additional qualitative information. 

Additionally, for each type of analysis, two samples were simultaneously 

analyzed. The VOCs from the second sample were resolved on a separate 60 m 

X 0.32 mm I.D. SE-30 fused silica capillary column and analyzed by a Hall 

Electrolytic Conductivity Detector (HECD) operated in the halogen mode. 

This provided specific detection of halogenated VOCs which may not otherwise 

have exhibited adequate response characteristics on the FID/PID. 

When a VOC was identified on both the HECD and FID/PID, the HECD con

centration value was used for reporting purposes. When a halogenated VOC 

was identified by FID/PID, but not confirmed by HECD, it was reported as an 

unidentified VOC. 

The FID/PID/HECD output from the gas chromatograph was processed with a 

Varian 401 Chromatographic Data System (CDS). This CDS provided peak areas 
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and retention times. A second data system (Apple II-Plus microcomputer) was 

used to identify peaks on the basis of retention times and to compute 

quantitative results by comparing peak areas with a previously established 

standard response. The second data system also performed routine data 

checks such as resolution, calibration stability, variance in quality con

trol standards, and blank results. 

On receipt of canister samples, the final pressure was read and logged 

into a separate sample analysis notebook. This sample log was also used to 

record all analyses of liquid and soil samples. The procedure for analysis 

of canister samples was as follows; 

1. The initial reservoir pressure is read and recorded. The canister 
is connected to the sample input line and the system is purged with 
approximately 100 ml of sample. 

2. The trap is cooled in liquid oxygen. The sample is first passed 
through a Perma-Pure drying tube and then the cooled trap at a rate 
not to exceed 150 ml/minute. 

3. When the appropriate volume has been passed through the trap 
(approximately 200-500 ml), the final pressure of the reservoir is 
read and recorded. A multiplier is calculated and entered into the 
401 CDS. The calculated multiplier is recorded in the sample 
analysis notebook. Only initial and final pressures are entered 
into the second data system, as multipliers are calculated auto
matically within the data system. 

4. The column valve is switched to the "analyze" position, routing 
column carrier gases through the trap in a backflush manner. 

5. The trap is heated to approximately 150"'C, and the chromatograph 
temperature program and integrator monitor program are initiated. 

6. The chromatograph output is monitored for 45 minutes or until no 
peaks are observed. 
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4.0 DATA MANAGEMENT PROGRAM 

4.1 Introduction 

A computerized data base was maintained for the analytical results of 

the Purity Remedial Investigation. The data base includes both real-time 

data from the field and the laboratory results of all sanples analyzed. 

Also included is information identifying sample location and sampling date. 

The result is a compilation in one reference source of information taken 

from field data forms, laboratory analysis reports, and the project master 

log. Such a compilation is a useful reference tool in reviewing and 

evaluating project data. 

Computerization of the data base has enhanced the management of large 

amounts of project data. Tasks which have benefited the project include: 

Updating the data base as laboratory results became available 

Interim screening of the data entered in the data base 

Revision of the data base for corrections 

Reformatting of the data base to account for interim modifications 

(Quick summarization of the project data. 

The data base is implemented on IBM PC® microcomputers operating under 

DOS 2.1 using LOTUS 1-2-3® software. LOTUS 1-2-3® offers ease of use 

and versatility in application as well as the capability to handle files of 

sufficient size. The entire data base is stored on two floppy storage 

disks, allowing ready transport. A printout of the data base appears in 

Appendix E. 
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4.2 Data Base Description 

Compilation of the data base is one aspect of project data flow. Plate 

4.2-1 presents a diagram of the data flow for the Purity project. In general 

terms, data flow consists of reporting data to the data base manager, actual 

data entry and validation, the established data base itself, and data review 

and evaluation. As noted above, both real-time and laboratory data are 

included in the data base; meteorological data are maintained in a separate 

file. 

Data entered into the data base have been fully validated. Laboratory 

reports and field data forms were first screened for completeness and 

reasonableness by engineers and qualified laboratory analysts. Data were 

then keyed into the data base. Printouts of the data were checked entry-

by-entry against the original laboratory reports and field data forms. 

Corrections were rechecked until validated as correct. Other aspects of 

data validation are reported in Section 5. 

The data base consists of six files, as follows: 

PURAIRl contains real-time (Level A) analysis data for air samples. 
These data were obtained from disturbed surface monitoring, 
emissions vertical profiles, surface concentrations, and surface 
flux emissions. 

PURAIR3 contains data from laboratory (Level C) analysis of air 
canisters. 

PURSLDB contains data from Level A (real-time) and Level B analysis 
of solids, wastes, and sediments. 

PURSLDC contains data from Level C analysis of solids, wastes, and 
sediments. 
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PURWTRB contains data from Level A (real-time) and Level B analysis 
of water samples. 

PURWTRC contains data from Level C analysis of water samples. The 
analytical data stored in each file are presented on Plate 4.2-2. 

The records contained in the files have a similar header of five fields 

that contain information for data identification. Each record contains 

analytical data for the sample identified in the header. 

4.3 Data Base Utilization and Control 

The data management program has been designed to assist in data evalua

tion and interpretation. The Purity data base is available for review in 

two forms—as a computer printout, or on screen using a computer monitor. 

By manipulating the data base, users can query the data base to test for 

certain conditions. LOTUS 1-2-3 functions as the data base manager to allow 

sorting and searching of the data base. Using these features, a variety of 

data can readily be summarized from the data base into tabular form. 

Selected information can be extracted from the data base for use in reports. 

The Purity data files may be retrieved and manipulated using commands of 

the LOTUS 1-2-3 software package. In order to interact with the com

puterized data base, the user must employ the LOTUS 1-2-3 software package, 

the floppy disks containing the Purity data base, and an IBM-compatible 

computer terminal. Copies of the Purity floppy disks are available at the 

offices of the DOHS, Harding Lawson Associates, and Radian Corporation. 

Also included in each data file is a macro command (Alt P) that can be used 
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to print out the file in the form listed in Appendix E. Refer to LOTUS 

1-2-3 documentation for an explanation of macro commands. 

Laboratory results presented in the data base represent concentrations 

analyzed in the samples "as received." Any dilution ratios or concentration 

factors employed in the analytical methods have been accounted for in the 

reported values. To further facilitate data review, each file also contains 

the units of measurement and detection limits appropriate for each analysis. 

4-4 



Harding Lawson Associates 

5.0 QUALITY ASSURANCE/QUALITY CONTROL PROGRAM 

A quality assurance/quality control (QA/QC) program is a system of rou

tine intemal procedures for assuring that the output of a measurement sys

tem meets prescribed quality criteria. Inherent and implied in this control 

function is a parallel function of measuring and defining the quality of (or 

uncertainty associated with) the data output. For any environmental mea

surement effort, there always exists some degree of uncertainty in the mea

surement data due to inherent limitations of the measurement system. The 

utility of measurement data depends on the degree to which the magnitude of 

this uncertainty is known, and upon its relative intact on study findings. 

Section 5.1 presents an overview of the Purity QA/QC program and a sum

mary of the results of the QC activities, the initial QA audit, and a subse

quent (second) QA audit. Section 5.2 describes the on-site QC program; Sec

tion 5.3, the laboratory QC program. The results of the original QA audit 

are discussed in Section 5.4, and those of the second QA audit are presented 

in Appendix K. 

5.1 Overview of QA/OC Program and Summary of Results and Corrective Action 

5.1.1 Overview of OA/OC Program 

The Purity RI included a comprehensive QA/QC program as an integral part 

of the overall technical effort. A detailed description of the QA/QC pro

gram is given in the (Quality Assurance Project Plan (QAPP) prepared for the 

Purity site investigation. The QAPP was prepared and approved by DOHS and 

EPA prior to the start of the field investigation. 

5-1 



Harding Lawson Associates 

The objectives of the QA/QC program were twofold. First, the program 

provided a mechanism for controlling data quality within acceptable limits. 

Second, the program formed the basis for estimates of uncertainty by provid

ing information necessary for defining error limits associated with the mea

surement data. The control function of the QA effort was based primarily on 

specific QC checks which were an integral part of the specified sampling and 

analytical procedures. Provisions for data quality assessment were also 

built into the QA/QC program through the use of split samples, replicate 

analyses, spiked sample analyses, and independent performance audits. 

The QA program evaluated the adequacy of QC procedures for sampling, 

analysis, sample control, and record keeping. The QA coordinator assessed 

the adequacy of the QC procedures by conducting QA audits, which were inde

pendent assessments of the measurement systems. The QA auditor observed and 

documented the overall performance of each of the various sampling and ana

lytical efforts (system audits). Audit standards and test equipment which 

are traceable to acceptable reference standards were used to assess the per

formance of each analytical method and/or measurement device (performance 

audits). The system audits included a review of all record keeping and data 

handling systems including: 

Calibration documentation for both instmments and apparatus 

Completeness of data forms and notebooks 

Data review and validation procedures 

Data storage and filing procedures 

Sample logging procedures 
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- Chain-of-custody procedures 

Documentation of QC data (control charts, etc.) 

Documentation of field maintenance activities 

- Review of malfunction reporting procedures. 

The QC procedures for both field and laboratory analyses included: 

- Reagent blanks and instmment blanks 

- Spikes 

Standards 

Replicates 

Controls 

Audit sanples 

- Performance samples 

Established record keeping procedures. 

5.1.2 Sunmtary of Results and Corrective Action 

Gross results of the QC data are reported and discussed in Sections 5.2 

and 5.3 and are presented in Table 5.1-1. In general, a review of the 

method QC data identified to maintain performance specifications shows 

acceptable performance for most of the analytical methods used. Detailed 

inspection of these data, however, suggests that higher uncertainty was evi

dent for inorganic analyses. Since most QC parameters monitor method preci

sion, little or no indication of method accuracy was obtained from the QC 

program. 

The independent QA audit program conducted during the period of analysis 

of the field samples was intended to evaluate the performance of the methods 
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used. This audit consisted of submitting blind samples of known composition 

for analysis. For several test parameters, the audit results were outside 

expected limits of uncertainty and indicated a possibility of systematic 

analytical errors. Such systematic errors could affect the reliability of 

corresponding analytical data for the field samples. These results are pre

sented in Section 5.3 and are summarized in Table 5.1-2. 

As indicated in Table 5.1-2, the results for the organic analyses were 

generally acceptable, while the results for inorganic analyses were unsatis

factory for the majority of the parameters evaluated. Specifically, pro

blems were indicated for metals analyzed both by ICPES and AA, anions, oil 

and grease, phenolics, TOC, COD, and hardness. 

The response and corrective action for this unsatisfactory performance 

included a two-part corrective action. The first part of the action was a 

second QA audit of the laboratory. Audit samples were prepared and sub

mitted; a summary of the results is given in Table 5.1-2. Detailed results 

of the second QA audit are given in Appendix K. 

Results of the second audit were generally acceptable for most methods. 

Metals audit data for both liquid and solid matrices showed significant 

improvement over results for the original audit and were generally accepta

ble. Some methods, however, continued to demonstrate unacceptable perfor

mance. Audit data for anion analyses by IC (Cl, F) did indicate continuing 

problems with these analyses. Results for total phenolics in solid samples 

were also outside the project accuracy limits of +30 percent, but within the 
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EPA 95 percent confidence interval for the audit material used. This indi

cates that the results of the anion analysis by IC for chloride and fluoride 

and the total phenols analysis should be regarded with greater uncertainty. 

The second part of the corrective action to resolve the data quality 

question involved reanalysis of approximately 10 percent of available sam

ples to confirm previous results. These data showed no systematic problems 

with soil, waste, and sediment analyses and were considered acceptable. 

Unfortunately, intentional manipulation by a laboratory manager of some of 

these data was discovered, which called for additional reanalysis of 10 per

cent of the available samples (total reanalysis of 20 percent of available 

samples). The results of the reanalysis of the second 10 percent of the 

available samples also indicated that there were no systematic problems with 

the soil, waste, and sediment analyses. The data base was subsequently 

updated with the results from the reanalyses of available samples. 

Overall, these data (second audit and reanalyses of 20 percent of avail

able samples) indicate that the laboratory has the capability of generating 

data of acceptable quality; however, data quality is not consistent from day 

to day. Some data (mostly inorganic) for samples analyzed concurrently with 

the first set of audit samples would have to be considered suspect (metals, 

anions, oil and grease, phenolics, TOC, COD, and hardness). Daily QC data 

for these parameters apparently cannot be used as a reliable index of data 

quality since they did not indicate any problems when the first set of QA 

audit analyses were performed. 
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5.2 On-Site Quality Control Program 

The on-site quality control program consisted of a system of procedures 

which assured that the data output from the on-site measurement systems met 

prescribed standards. The details of the QC program are described below for 

the various measurement systems. The on-site QC program is described in 

Section 5.2, and the results of the on-site QC program are presented in 

Section 5.3. 

5.2.1 Air Emissions Measurement 

A primary objective of this program was to evaluate existing air quality 

at the Purity site as well as possible emissions due to investigative and/or 

remedial activities. Air quality sampling and analysis included site survey 

sampling, direct emissions measurements (surface and downhole), and dotmwind 

monitoring, using several sampling/analytical techniques. 

Prior to initiation of any other on-site activities, a two-part survey 

of the surface was conducted. The initial survey qualitatively assessed 

emissions to identify areas of high emission rates. The second part of the 

survey quantitated emission rates and included collection of samples for 

speciation work. 

For the initial survey, the survey design established a reference grid 

system. The grid points were surveyed using a randomized block design. A 

total of 10 blocks were used, and surveying within each block was performed 

randomly. A duplicate measurement was performed for each block and a con

trol point was measured several times. Replicate and control point measure

ments provided an indication of sampling variability and temporal effects. 

The replicate and control point data are given in Appendix H. 
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5.2.2 Portable Analyzers 

Portable total hydrocarbon (THC) and SO2 analyzers were used for 

several types of on-site measurement activities, including the preliminary 

site survey, surface and downhole flux chamber measurements, and downwind 

monitoring. Similar QC procedures were used for these analyzers. 

A multipoint calibration, including zero and at least five upscale con

centrations, was performed at the beginning of the field investigation to 

establish linearity of the analyzer. Calibration points were generated by 

dynamic dilution of a high-concentration, certified standard mixture of 

CĤ  or benzene in air for the THC analyzers and SO2 in air for the SÔ  

analyzers. Analyzer linearity was considered acceptable if the correlation 

coefficient for the multipoint curve was >0.995. 

Each day prior to sampling, a zero/span (i.e., two-point) calibration 

was performed. Ultrahigh purity (UHP), hydrocarbon-free air was used as the 

zero point. The span point was generated by dilution of the high-level cal

ibration standard, as for the multipoint calibration. Analyzer performance 

was considered acceptable if the measured concentration was within 15 percent 

of the dilution concentration. 

Each day, after calibration of a given analyzer, the instmment was 

challenged with a standard gas mixture (methane, benzene, or SÔ , as 

appropriate) at a concentration corresponding to a mid-level value. The 

concentration measured by the analyzer for this QC standard was recorded. 

Analyzer performance was considered acceptable if the measured concentration 

was within 15 percent of the certified concentration. If this criterion was 
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not met, the zero/span calibration was repeated. If the criterion s t i l l was 

not met, a multipoint calibration was performed. 

At the conclusion of each day's testing, the QC standard gas mixture was 

reintroduced to the analyzer and the measured value recorded. The differ

ence between the before-testing and after-testing values provided a measure 

of upscale drift. The zero gas was also analyzed upon completion of testing 

each day to provide a measure of zero drift. 

Calibration and QC data for the portable analyzers are given in 

Appendix F. 

5.2.3 Isolation Flux Chamber 

Isolation flux chambers were used to quantitate surface emissions after 

"hot spots" had been identified via the surface survey. Also, downhole 

chambers were used to quantitate emissions at various depths in the waste. 

Several tests were performed to characterize new enclosures prior to 

use. Blank chambers were checked for contamination by placing the enclosure 

over a flat inert surface, exposing the enclosure to sunlight, and mnning a 

test using UHP sweep air and routine operating conditions. 

Enclosure efficiency was checked prior to field use. The flux chambers 

were placed over a flat-surface Teflon (TFE) plug which had an inlet port at 

the center of the plug for gases to be introduced. UHP sweep air was added 

concurrently through the enclosure sweep air inlet, and the emission rate of 

con5)ounds entering the enclosure was determined using routine operating con

ditions. The measured emission rate was then compared to the tme emission 
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rate, and relative recovery was calculated. The calculated relative recov

eries were 43 percent for the surface flux chamber and 58 percent for the 

downhole flux chamber. 

In addition to the enclosure characterization procedures described above, 

several QC checks were performed on a routine basis during use of the surface 

flux chamber. Sample blanks were analyzed once daily. Approximately 10 

percent of the sampling points were sampled in duplicate. Two background 

samples were obtained from a location similar to the emitting sample sites 

which had been determined to be free from contamination. 

5.2.4 Gas Metering 

The gas measurement device was calibrated against an NBS-traceable bub

ble meter. 

5.2.5 Temperature Sensor and Readout 

Prior to field use, the temperature sensor and readout were calibrated 

against a mercury-in-glass thermometer meeting ASTM E-1 No. 63F 

specifications. 

5.2.6 Canister Sampling and Analysis 

Because emission samples collected using the canister sampling technique 

constitute the primary basis for both speciation and quantitation of air 

emissions, QC procedures associated with this sampling method were especially 

important to overall data quality. QC associated with sample collection is 

described below. QC associated with sample analysis is described in Section 

5.3. 
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QC procedures associated with the sample collection aspect of this 

methodology focused on ensuring and documenting sample integrity and provid

ing information which was used to document sampling variability. These pro

cedures included the following: 

A chain-of-custody form was an integral part of the data sheet 
associated with each canister senile. 

Each canister was cleaned and evacuated at Radian's Austin, Texas 
laboratory, and the absolute pressure was measured and recorded on 
the accompanying data sheet. 

The absolute pressure of each canister was checked in the field prior 
to sampling. 

The canister sampling system (exclusive of the canister) was 
thoroughly purged prior to sanple collection. 

Canister pressures were checked and recorded after sample collection, 
and canister valves were closed and sealed with Swagelock plugs prior 
to shipment. 

5.2.7 Meteorological Measurement 

Prior to use on site, all meteorological equipment was thoroughly checked 

to ensure that each component was operable. Temperature, wind speed, and 

wind direction sensors were checked daily against reported meteorological 

conditions. 

5.2.8 Soil. Waste, and Sediment Samples 

QC procedures for soil, waste, and sediment sampling were an integral 

part of each sampling methodology. Sampling equipment was thoroughly cleaned 

between each sampling effort to prevent cross contamination of the samples. 

Documentation and chain-of-custody procedures were followed as part of the 

sample collection QC effort. One of the most important QC procedures for 

5-10 



Harding Lawson Associates 

these samples was collection of duplicate (i.e., split) samples. Sample 

collection, handling, chain-of-custody, and preservation procedures were 

described in Section 2.14. Analytical QC procedures for the various methods 

are discussed in Section 5.3. 

5.2.9 Water Samples 

QC efforts associated with ground-water and canal-water sampling were 

primarily the procedural QC activities that formed an integral part of the 

well development and sampling methodology. These procedures focused on 

ensuring that the samples were representative of the specified depth and as 

free as possible from extemal and/or cross contamination. Examples of the 

QC aspects of the ground-water sampling effort include the following: 

Initially, a l l wells were pumped or bailed for five casing volumes. 

Following evacuation, wells were allowed to recover prior to 
sampling. 

- Samples were obtained utilizing a stainless steel bailer or dispos
able PVC bailer to minimize the potential for sample contamination. 

All sampling equipment was thoroughly cleaned prior to the start of 
work and between wells. 

QC efforts associated with both ground-water and canal-water sampling 

included the following: 

- Samples were transferred to sample jars with a minimum of agitation 
and disturbance which could strip volatile organics, i f present, 
from the water sanple. 

- Samples were immediately divided into 12 splits. The type of con
tainer, and preservative, i f any, differed for each split depending 
on the analyses to be performed (Section 2.14). 

Al l samples were refrigerated during transportation and storage. 
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In addition to these general sampling QC procedures, specific analytical 

QC procedures were used to control and assess analytical data quality. Ana

lytical QC procedures for the various methods are discussed in Section 5.3. 

5.3 Laboratory (Quality Control Program Results 

QC procedures were an integral part of a l l the analytical methods used 

in the Purity RI. These QC procedures served two major functions. First, 

they were designed to provide a system of ongoing checks to ensure that the 

analytical data met prescribed standards. Second, results of the major QC 

checks provided a quantitative measure of the data quality. 

Various QC procedures were used in support of the analytical program, 

tailored to the specific analytical methods employed. Grouped according to 

similarity in QC procedures, four analytical approaches were used: 

- On-site, real-time survey analyses using portable analyzers 

Off-site analysis of air samples collected in evacuated canisters 

Off-site, detailed organic analyses of liquid and solid san^jles 

- Off-site analyses of liquid and solid samples for other (primarily 
inorganic) parameters. 

Details of the analytical QC program were described in the QAPP. The 

major QC procedures used in evaluating data quality for each of the analyti

cal approaches, along with corresponding QC data, are presented below. 

5.3.1 Quality Control for Portable Analyzers 

Five types of portable gas analyzers were used to provide semiquantita

tive total hydrocarbon (THC) and sulfur dioxide (SO^) concentration data. 
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The instmments used were as follows: 

AID Model 580 THC Analyzer (3) 

HNU Model PI-101 THC Analyzer (1) 

Century System OVA-108 THC Analyzer (2) 

Ecolyzer Model 2000 SO2 Analyzer (1) 

InterScan Model 1240 SO2 Analyzer (1). 

The instmments were challenged with a zero and mid-level gas at the 

beginning and end of each day of use. In addition, a calibration gas was 

introduced each day to verify that the instmment response factor was within 

15 percent of the response factor observed during initial noiltipoint cali

bration checks. If the response factor was not within 15 percent, the 

multipoint calibration check was repeated. 

The most useful information for assessing instmment performance is the 

daily drift check data obtained by comparing the instmment's relative 

response to the mid-level and zero gas from the beginning and the end of 

each day. This information is summarized by analyzer in Table 5.3-1. The 

mid-level gas drift (average and standard deviation) was within +15 percent 

in all cases, and the zero drift was within +10 percent for each analyzer. 

This performance is considered acceptable. 

5.3.2 Quality Control for Air Canister Analyses 

Canister samples were analyzed in Radian's Austin laboratory using a 

Varian 3700 gas chromatograph (GC) equipped with a fused silica capillary 
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column and dual (PID/FID) detectors. QC procedures for these analyses 

included: 

- Initial multipoint calibration/linearity check 

- Daily single-point response factor (RF) checks. 

- Daily retention time checks using a 38-component standard 

- Control sample analyses 

System blanks. 

A multipoint calibration/linearity check was performed prior to sample 

analysis using three volumes of a propane/hexane standard plus system blank 

(ultra-high-purity air). Results of the multipoints indicated excellent 

linearity over the working range, with correlation coefficients for both 

compounds exceeding the acceptance criterion of 0.995. In addition to 

establishing response linearity, the linearity check data also were used to 

calculate average response factors for propane and hexane. 

Single-point response factors for propane and hexane were determined 

each day that samples were analyzed and were used for quantitation of all 

sample components. Daily response factors were compared to the latest aver

age response linearity factor and were required to agree within +30 percent 

before sample analyses proceeded. The +30 percent acceptance criterion was 

met for both species on all six days that canister samples were analyzed. 

For propane, the mean difference between daily RFs and the multipoint RF was 

2.1 percent, with a standard deviation of 9.4 percent. For hexane, the mean 

difference was 6.6 percent, with a standard deviation of 10.3 percent. 
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A 38-component hydrocarbon standard was used to evaluate any shifts in 

compound retention times or changes in column separation efficiency. The 

components of this standard are listed in Table 5.3-2. Sample components 

were identified based on pre-established retention times relative to toluene 

and isobutane, using a computerized auto-identification scheme. 

Periodically, following daily instmment calibration and prior to analy

sis of samples, a QC check sample was analyzed. This control sample was a 

12-component hydrocarbon mixture. Analyses of this mixture were required to 

meet both qualitative and quantitative acceptance criteria. First, as a 

check of the computer auto-identification routine, correct identification of 

90 percent of the compounds was required. Second, a 30 percent control limit 

was used for quantitation of the control sample components. Again, 90 per

cent of the components were required to meet this criterion. Results of 

these analyses are given in Table 5.3-3. All compounds were correctly iden

tified each day. Only one quantitation (ethylbenzene on July 13, 1984) 

failed the 30 percent control limit. 

Each day, prior to sample analyses, analytical system blank checks were 

performed to demonstrate acceptable blank levels. The blank checks comprised 

analysis of approximately 1 liter of UHP nitrogen. The acceptance criterion 

was an analytical blank value less than or equal to 20 parts per billion, 

volume of carbon (ppbv-C). This criterion was met each day except on July 

15 and 16, 1984, as indicated in Table 5.3-4. 

5-15 



Harding Lawson Associates 

5.3.3 Quality Control for Detailed Organic Analyses 

Detailed organic analyses were performed using both GC and GC/mass spec

trometry (MS) methods and included: 

Analysis of volatile halogenated organics in liquid samples by GC 

Analysis of volatile aromatics in liquid samples by GC 

- Analysis of volatile organics in both liquid and solid samples by 
GC/MS 

Analysis of extractable organics in both liquid and solid samples by 
GC/MS. 

The two GC methods, similar to EPA Methods 601 and 602, respectively, 

were used primarily for Level B analyses of water samples. The two GC/MS 

methods, which were modified versions of EPA Methods 624 and 625, were used 

for the extensive Level C analyses. Intemal QC procedures for the four 

methods were similar to and based on recommended QC procedures for EPA 

Methods 601, 602, 624, and 625, respectively. 

5.3.3.1 Acceptability Tests 

Section 8.2 describes the procedures for demonstrating the ability to 

generate data of acceptable precision and accuracy. Briefly, this involves 

quadmplicate analyses of reagent (i.e., organic-free) water spiked with a 

"quality control check sample concentrate" and a "surrogate standard." 

Average percent recoveries and standard deviations are then calculated for 

each compound and compared to EPA "target" values to determine acceptability. 

Acceptability test results are presented in Table 5.3-5 for Methods 601 and 

602, Table 5.3-6 for Method 624, and Tables 5.3-7 and 5.3-8 for Method 625 

acids and base/neutrals, respectively. As indicated in the tables, results 
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for the acceptability tests were generally within specified limits except 

for some Method 624 species. 

5.3.3.2 Surrogate Standard Spike Samples 

As an ongoing check on the analytical systems and the effectiveness of 

the method in dealing with the sample matrices, samples were spiked with 

surrogate compounds appropriate to each of the methods. Surrogate recovery 

data for Methods 601 and 602 are presented in Table 5.3-9. Corresponding 

data for Methods 624 and 625 are presented in Table 5.3-10. Since the sur

rogate compounds are chosen as representative of the species for which the 

methods are designed, recoveries for the surrogates represent estimates of 

data quality for the species of interest. Variability in recovery, as indi

cated by the standard deviations, reflects variability in method effective

ness due to matrix effects, as well as random analytical variability. 

5.3.3.3 Spike Recoveries 

In addition to spiking samples with surrogate compounds, several samples 

and/or aliquots of organic-free water were spiked with selected species of 

interest for Methods 601 and 602. For Method 601, the spiking mixture con

tained six species. Average recoveries for Method 601 spikes ranged from 97 

to 147 percent. These results are summarized in Table 5.3-11. For Method 

602, the spiking solution contained three species. Average recoveries ranged 

from 75 to 131 percent, with comparable results for spikes in organic-free 

water and spiked samples. Results for Method 602 spikes are shown in Table 

5.3-12. 
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5.3.3.4 Blank Analyses 

As specified in the QAPP, reagent water was analyzed daily to demonstrate 

that analytical system interferences were within acceptable limits. No pro

blems were encountered with these QC analyses. 

5.3.3.5 Duplicate Analyses 

As a measure of daily precision for Methods 601 and 602, a portion of 

each sample was analyzed in duplicate. Results for these duplicate analyses 

are shown in Tables 5.3-13 and 5.3-14 for Methods 601 and 602, respectively. 

For both methods, the relative percent difference (RPD) for duplicate results 

was generally less than 20 percent at concentrations above 2 ppb. This was 

tme except for the results for one Method 601 sanple. 

5.3.4 Quality Control for Other Off-Site Analyses 

In addition to GC analyses of air canister samples and detailed organic 

analyses of soil and ground-water samples, a number of other off-site analy

ses were performed on liquid and solid samples. Table 5.3-15 presents a 

summary of analyses by sample type for both Level B and Level C analyses. 

The primary QC procedures for these analyses were: 

QC check standard (i.e., control sample) analyses 

Spiked sample analyses 

Duplicate analyses 

Blank analyses. 

Not a l l of these QC procedures, however, were used for or were applicable 

to a l l analyses. Additionally, for those analyses requiring generation of a 

multipoint calibration curve, an acceptance criterion for response linearity 
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was established requiring a correlation coefficient for the calibration curve 

of greater than or equal to 0.995. 

QC check standards or control samples were typically analyzed at a fre

quency of 10 percent to provide a continuing check on method calibration. 

Variability in results for repeated analyses of these standards, expressed 

in terms of the standard deviation or coefficient of variation, provides an 

estimate of day-to-day or batch-to-batch precision for the method of inter

est. The average difference between measured values and known values, typi

cally expressed in terms of percent recovery, represents an estimate of bias. 

Results for spiked sample analyses provide another measure of analytical 

bias. In this case, sample matrix effects are also taken into account. 

However, interpretation of spiked sample data must consider the point in the 

analytical scheme at which the spike was introduced. Spiked sample data for 

metals analyses of soil samples, for example, do not provide any information 

about the reliability of the digestion phase of the analytical procedure, 

since the spike is added to the digestate rather than to the original solid 

sample. For liquid samples, on the other hand, spiked sample results should 

provide a reliable estimate of data quality for the complete analytical pro

cedure, providing that the sample is spiked at an appropriate level (i.e., 

the endogenous level or 10 times the detection limit, whichever is greater) 

and that a sufficiently small volume of spiking solution is used to prevent 

masking of matrix effects by dilution of the matrix. 
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Duplicate analyses were used to provide a measure of daily, single ana

lyst precision. Results were expressed in terms of relative percent differ

ence for each pair of analyses. The mean relative percent difference is a 

measure of average precision, while the standard deviation reflects the mag

nitude of observed variability about this mean. 

Blank analyses were required for all analytical parameters. In some 

cases these were separate reagent blanks. In other cases the blank consti

tuted the zero point of a multipoint calibration or was "subtracted out" as 

for a titration blank. 

Details of specific QC procedures and results for the various analyses 

are discussed below. 

5.3.4.1 Anions 

Anion analyses included fluoride, chloride, nitrate, and sulfate analyses 

of water samples for Level C analyses, as well as sulfate analyses of both 

solid and liquid samples for Level B analyses. All anion analyses were per

formed using ion chromatography. QC procedures used for these analyses 

included: 

QC check standard analyses 

Spiked sample analyses 

Reagent blanks 

Duplicate (i.e., split sample) analyses. 

For the control sample analyses, the specified acceptance criterion was 

100 +5 percent recovery. Duplicates were required to agree within +5 percent 

of the mean (i.e., RPD <10 percent). No acceptability limits were set for 
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Spike recovery data. Results of control standard analyses, duplicate analy

ses, and spiked sample analyses are presented in Tables 5.3-16 through 5.3-19 

for fluoride, chloride, nitrate, and sulfate, respectively. With a few 

exceptions, the QC results for the anion analyses were,within the specified 

acceptance limits. 

5.3.4.2 Metals Analyses 

Metals analyses included both Level B and Level C analyses of liquid 

samples and Level C analyses of soil samples. Level B analyses of soil sam

ples was restricted to lead determinations. Both atomic absorption (AA) and 

inductively coupled plasma emission spectroscopy (ICPES) methods were used 

for the metals analyses. Generally, arsenic, selenium, mercury, lead, anti

mony, and thallium analyses were performed by AA, while ICPES was used for 

the remainder. (Quality control procedures for the metals analyses included: 

QC check standard analyses 

Duplicate analyses 

Spiked sample analyses. 

Acceptance criteria for these QC checks were set at 100+10 percent 

recovery for control standards, RPD <20 percent for duplicate analyses, and 

100+20 percent recovery for spiked samples. Results are summarized in Table 

5.3-20 for solid samples and in Table 5.3-21 for liquid samples. As indi

cated in the tables, results were generally within the specified limits. 
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5.3.4.3 Phenol Analyses 

Phenol analyses were performed on both solid and liquid sanples. QC 

procedures included; 

- QC check standard analyses 

Duplicate analyses 

- Spiked sample analyses. 

Acceptance criteria for phenol analyses were control standard recoveries 

of 100+10 percent, an RPD <20 percent for duplicates, and 100+20 percent 

recovery for spiked samples. Results are summarized in Table 5.3-22. Most 

results were within the limits specified. No distinction was made between 

liquid and solid samples. 

5.3.4.4 Oil and Grease Analyses 

Solids samples were analyzed for their oil and grease content. QC 

included blanks and duplicates of at least 10 percent of the samples. For 

11 blank samples, the average oil and grease content was 1.4 mg. For 15 

duplicate sample analyses, the mean difference was 19.4 percent. This meets 

the acceptance criterion of <20 percent difference between duplicates. How

ever, only five individual duplicate data sets were outside the limits. 

Additional QC control standards were analyzed. For nine samples, the 

mean recovery was 99.1 percent. Since these tests were not required, no 

acceptance criteria were established. 

5.3.4.5 Sulfite (SÔ ) and Sulfide (s"") 

Sulfite content was determined for both soil and water samples. Sulfide 

content was determined for soil only. 

5-22 



Harding Lawson Associates 

For the S0~ and S~ analyses, QC procedures were to include blank 

determinations before each sample set, a QC standard p r i o r to each sample 

set, periodic duplicate analyses, and periodic spiked sample analyses. 

However, i t was not possible to mn duplicate or spiked samples because only 

34 ml of the samples was available. 

Blanks were analyzed before each analysis set. The blank values were 

used to correct sample t i t r a n t volumes. 

5.3.4.6 A c i d i t y / A l k a l i n i t y and Hardness 

A c i d i t y (actually a l k a l i n i t y ) was measured for both s o i l and ground-water 

samples. Hardness i s calculated from the a l k a l i n i t y r e s u l t s , so no separate 

analysis f o r t h i s parameter was required. QC procedures consisted of QC 

standards and duplicate analyses. Results of the QC e f f o r t s are shown i n 

Table 5.3-23. The acceptance c r i t e r i o n of +20 percent was achieved for the 

duplicates. As shown i n Table 5.3-23, each duplicate set met t h i s 

requirement. 

5.3.4.7 COD and TOC Analyses 

Water samples were analyzed for COD and TOC values. QC e f f o r t s for these 

analyses included: 

QC control standard 

Duplicates 

Spiked samples. 

Results f o r the COD testing are given i n Table 5.3-24. Except for the 

excessive recovery for the control standard on September 9, 1984, a l l analy

ses met the appropriate QC acceptability c r i t e r i a . 
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Results for the TOC testing are given in Table 5.3-25. QC control 

standard analyses are within the acceptability requirements. Duplicate and 

spiked sample results are outside the QC limits previously specified. 

5.3.4.8 TDS Analyses 

Water samples were analyzed for TDS content. QC for TDS analyses 

included: 

Blanks 

QC control standards 

- Duplicates. 

Results of these QC efforts are shown in Table 5.3-26. A l l acceptance 

c r i t e r i a were met for TDS analyses. 

5.3.5 Duplicate Samples 

Periodically throughout the project, duplicate samples were taken and 

analyzed. Comparison of the results from these samples provides an estimate 

of the total v a r i a b i l i t y to expect from the sampling and analytical systems 

combined. Comparisons include: 

Pooled coefficient of variation (CV) 

Pooled standard deviation 

Percent differences. 

Values for each of these are given in Tables 5.3-27 through 5.3-30. No 

acceptability c r i t e r i a were given for duplicate samples. However, some of 

the difference values seem rather high. Care should be exercised in inter

preting these results. A large percentage difference near the detection 

limit is typically not as serious as the same difference at a higher absolute 

level. 
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5.4 Quality Assurance Audit 

The quality assurance (QA) effort for this project included QA audits 

which addressed both field sampling and analysis and off-site analysis 

activities. Methodology, results, and conclusions of the QA audits are pre

sented in the following sections. 

5.4.1 On-Site Performance Audit 

Radian QA personnel conducted an on-site performance audit on July 31, 

1984. The performance audit for off-site analysis consisted of submitting 

audit s£imples to the laboratories. Table 5.4-1 summarizes the audit activi

ties with respect to parameters/methods audited, standards used, and sources 

of standards. Table 5.4-2 identifies the on-site instmments challenged 

through the audit. The HNU and AID analyzers employ photoionization detec

tion (PID), while the OVA analyzer uses flame ionization detection (FID). 

Both HNU analyzers were subjected to an audit using dilutions of a ben

zene in N̂  standard. The diluent gas was hydrocarbon-free air. Results 

of this audit are presented in Table 5.4-3. These analyzers were employed 

exclusively for survey scans. Their most important characteristic is the 

linearity of response. Regression analysis of the audit results showed 

correlation coefficients of 0.9983 for Instmment No. 1 and 0.9982 for 

Instmment No. 2. 

Both AID analyzers were also subjected to an audit using dilutions of 

the benzene in N̂  standard. Results are given in Table 5.4-4. 

Correlation coefficients of 0.9951 and 0.9930 were obtained. 
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Both analyzers were also challenged with dilutions of two separate 

multicomponent hydrocarbon mixtures. For a mixture containing 236 ppmv-C, 

correlations of 0.9972 and 0.9977 were obtained over the range of 40-240 

ppmv-C. Slopes were 0.3877 and 0.4614, respectively. For a mixture con

taining 283 ppmv-C, correlation coefficients of 0.9992 and 0.9991 were cal

culated. The calculated slopes were 0.7774 and 0.8816, respectively. 

The Ecolyzer SÔ  monitor was challenged with dilutions of a 151 ppm 

standard; this yielded a correlation coefficient of 0.9980, a slope of 

1.252, and an intercept of 0.04. These data were derived from five points 

spanning the range of 0 to 1.53 ppmv SÔ . 

Similarly, the InterScan SÔ  analyzer was audited with multipoint 

calibration covering both its low and medium ranges. The 100 ppmv 

full-scale range provided a correlation coefficient of 0.998, a slope of 

1.680, and an intercept of 2.07. The 1000 ppmv full-scale range provided a 

correlation coefficient of 0.9998, a slope of 1.44, and an intercept of 12.8. 

Each of the correlation coefficients indicates that good linearity for 

the compound(s) of interest was obtained. Since the on-site analyzers were 

employed strictly for survey work, their performance was adequate. 

The SÔ  QA standards were not available at the time of the field 

audit, and no QA data for the SÔ  analyzers are available. 

5.4.2 Off-Site Performance Audit 

The U.S. Environmental Protection Agency provides certified quality con

trol standards for many environmental parameters. The National Bureau of 

Standards also provides standard reference materials with certified concen

trations. Audit materials were obtained from both sources. 
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Table 5.4-5 summarizes the audit activities and standards for the off-

site performance audit. All audit samples were submitted as blind samples. 

In most cases, two concentration levels of pollutant were analyzed for each 

audit parameter. Results of each analysis are given below. 

5.4.2.1 Purgeables by Method 624 

Results are given in Table 5.4-6. Relative errors range from -5.0 to 

-28.8 percent and are relatively consistent for both samples and all com

pounds. This indicates a negative bias in the analysis. (Qualitatively, all 

compounds were correctly identified. One false positive compound was 

reported but at a very low level, indicating minor contamination. 

5.4.2.2 Aromatic Purgeables by Method 602 

Results are shown in Table 5.4-7. (Quantitatively, the errors show no 

consistent bias, with the high-level sample producing more accurate results 

than the low-level sample. All results are within the 95 percent confidence 

interval established by EPA. (Qualitatively, there were no false positive or 

false negative reports. 

5.4.2.3 Base/Neutral Extractables by Method 625 

These results are presented in Table 5.4-8. For correctly identified 

compounds, the relative errors range from -80.1 to 53.7 percent. The largest 

errors were contributed by the acidification of phthalate esters during 

extraction. This is an error inherent in the EPA-approved method and is 

recognized by EPA as a limitation of the method. No systematic errors are 

indicated. In both samples, hexachloropentadiene was identified as hexa

chlorobutadiene and benzo(k)fluoroanthene was identified as 
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3,4-benzofluoranthene. There is strong evidence that hexachlorobutadiene is 

actually the compound contained in the standard. Additionally, the foot

notes to the analysis report from the operator indicate that the two benzo-

fluoranthenes coelute and are not resolved by GC/MS. In each sample, a low-

level false positive identification was made. For the high concentration 

sample, a false negative for 1,2-dichlorobenzene at 250 yg/l was reported 

along with a false positive for 5 yg/l of 1,4-dichlorobenzene. 

5.4.2.4 Acidic Extractables by Method 625 

Analytical results are shown in Table 5.4-9. For the low-level sample, 

the results are consistently low, while the high-level sample led to consis

tently high results. There does not appear to be any other pattem to the 

errors. (Qualitatively, there were no false negative or false positive 

reports. 

5.4.2.5 Halogenated Purgeables by Method 601 

Results of these analyses are given in Table 5.4-10. Relative errors 

range from -60.0 to 66.0 percent. There appears to be no pattem or system

atic error in these analyses. Two values Were outside the 95 percent confi

dence interval established by EPA. There were no false positive or false 

negative reports. 

5.4.2.6 Chemical Demand 

Results for TOC and COD analyses are given in Table 5.4-11. The TOC 

results are approximately 20 percent high for both high- and low-level sam

ples. For the COD samples, relative errors are 25 percent for the low sample 
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and 98.7 percent for the high samples. Both results for the high-level sam

ple are outside the 95 percent confidence interval established by EPA. 

5.4.2.7 Mineral Analyses 

The results for alkalinity, hardness, total dissolved solids, and several 

anions are given in Table 5.4-12. The alkalinity results indicate adequate 

accuracy. For the hardness analyses, the -11.8 to +20.8 percent error for 

the two samples are outside the 95 percent confidence interval established 

by the EPA. All other results show a low bias with errors from -3.1 to 

-59.0 percent. For the ion chromatography analyses, all three anions were 

obtained in a single mn, and the high- and low-level samples were analyzed 

with a common calibration. Errors of -34.7 to -59.0 percent indicate a pro

blem with that calibration during the audit. Five of the six values are 

outside the 95 percent confidence interval established by the EPA. The 

second sulfate values, which are much more accurate, represent separately 

submitted sample aliquots that were analyzed only for sulfate. Viewed as 

duplicate analyses, the differences represent 24.3 percent and 59.7 percent 

for the low and high levels, respectively. 

5.4.2.8 Metals 

Metals analyses were performed as part of both the Level B and Level C 

analytical scheme during the RI. Level B analyses called for an ICPES scan, 

arsenic and selenium by hydride generation (AA), mercury by cold vapor (AA), 

and lead by graphite fumace (AA). Level C procedures for priority pollutant 

metals included both AA and ICPES methods. 

Audit samples were submitted for both Level B and Level C analyses. 

These included both liquid and solid samples. 
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Level B Metals. Results of metals analysis are given in Table 5.4-13 

for two liquid audit samples and Table 5.4-14 for two solid samples. Arsenic 

and selenium values indicate a distinct problem with false negatives for the 

hydride generation technique. For the liquid analyses, seven of the eight 

values are outside the 95 percent confidence interval established by EPA. 

ICPES scan results for the solid sample indicate a systematic negative 

bias. For most elements, the error was larger at higher concentrations. 

Three of the low-level and virtually all of the high-level results are out

side the 95 percent confidence interval. This bias may arise from the 

digestion portion of the method. 

Comparison of the lead results for the ICPES and AA analyses shows sig

nificant differences. The ICPES results suggest a highly negative or low 

bias. The AA results suggest positive or high bias. 

Level C Metals. Analytical results are shown in Table 5.4-15 for two 

aqueous audit samples and Table 5.4-16 for two solid audit samples. A nega

tive bias for metals results is indicated for solids analyzed by ICPES. As 

with the Level B results, this could be due to the digestion. 

Several values are outside the EPA 95 percent confidence interval estab

lished for these analyses. 

5.4.2.9 Miscellaneous Analyses 

Audit samples were analyzed for total phenolics and for oil and grease 

content. Results of these analyses are given in Table 5.4-17. A positive 

or high bias is indicated for the phenolics using Method 4-AAP. The problem 

is evident for both aqueous and solid samples. For the oil and grease test, 

a substantial negative or low bias is indicated. The low-level result is 

outside the 95 percent confidence interval. 

5-30 



Harding Lawson Associates 

6.0 RESULTS OF REMEDIAL INVESTIGATION 

This section presents the results of the Remedial Investigation. The 

results for all tasks, vapor emissions data, and all chemical analyses are 

presented here. This section also discusses the impact of contamination 

from the Purity site on soils, water and sediment in the North Central 

Canal, and on ground-water quality. 

6.1 Air Quality 

The objectives of the air quality program were: 1) to evaluate the 

present impact of the Purity site on air quality, 2) to assess the emissions 

that may occur if excavation or similar activities are undertaken during 

implementation of remedial measures, and 3) to ensure adequate protection 

from emissions for both on-site personnel and the population in the sur

rounding area. The air quality program included: 

- Monitoring of ambient meteorological conditions 

Measurement of ambient surface concentrations of air pollutants 
throughout the site 

- Measurement and sampling of surface emissions at selected "hot spots" 

Measurement and sampling of emissions during site disturbances 
(trenching and boring) 

Monitoring of downwind air pollutant concentrations during site 
disturbances. 

The results of the air quality prograim are presented below. The results 

of downhole (boring) emissions measurement and sampling are presented in 

Section 6.5.1. 
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6.1.1 Ambient Meteorological Conditions 

Table 6.1-1 summarizes, on a 24-hour basis, meteorological conditions 

during the Purity field investigation. Daily mean temperatures, temperature 

ranges, wind speed averages, wind speed ranges, mean wind directions, and 

mean wind deviations are listed. Data from specific days or time periods 

during field activities are available from the hourly data summary given in 

Appendix G. 

The dominant meteorological condition during the monitoring period (June 

8-August 5, 1984) was the high temperature. Twenty-four-hour mean tempera

tures in the mid-80"F range were typical, with some mean 24-hour temperature 

ranges above 90"F. Daily high temperatures greater than 90"F were observed 

72 percent of the time and greater than 100"F 35 percent of the time. A hot 

spell with daily high temperatures over 99°F continued for 22 consecutive 

days. The record high temperature for the monitoring period was 106.4"F. 

The dominant wind direction was from the west with 24-hour mean wind speed 

of 5 to 6 miles per hour. Peak wind speeds of 9 to 12 miles per hour were 

common. 

Atmospheric stability was determined each day on an hourly basis. These 

data are reported in Appendix G. Atmospheric stability was computed using 

the horizontal wind direction fluctuation (o„) method. The hourly wind 
o 

direction variance was used to generate wind deviation data. These 

stability class designations can be used as an estimate of dispersion for 

studies conducted during the RI or for estimating impacts to local air 

quality during proposed remedial activities involving waste disturbance 
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(Feasibility Study). Assuming a surface roughness of 0.15 meter for the 

site, the P-G stability category was determined using standard deviation 

data following the guidelines given in Table 6.1-2. 

6.1.2 Surface Emissions 

The qualitative gas concentration survey was designed to identify "hot 

spots," which by definition are points where the measured ambient concentra

tions of THC (as benzene) or SÔ  were at least three times the baseline 

adjusted upwind value. Data adjustment involves subtraction of instmment 

response to ultra-high-purity standard air from the gas sample response. 

Table 6.1-3 gives the average adjusted background results and the "hot 

spots" detected. A total of 18 grid points met the "hot spot" criterion for 

benzene, and four met that for SÔ . Location 18E was tested as a control 

point (three times per day—moming, noon, and evening), and the results 

showed an 89 percent relative standard deviation for benzene and 140 percent 

relative standard deviation for SÔ . Relative standard deviations of 100 

to 200 percent are not uncommon for temporal variability associated with 

surface emissions events. 

The site surface area in general had low surface emissions, probably due 

to the overburden material covering the waste, the age of the exposed waste 

material, and the subsequent weathering that had occurred. Although many 

points were above three times the adjusted baseline, the highest adjusted 

benzene value was 0.46 ppmv (<19 times background) at location 18E, and the 

highest adjusted SÔ  value was 0.12 ppmv (<5 times background) at location 

19D. Conqilete data for the qualitative surface survey are presented in 
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Appendix H. The results of the surface survey are shown schematically on 

Plates 6.1-1 and 6.1-2. 

A quantitative surface emissions survey was conducted using an emissions 

measurement enclosure (Plate 2.6-2). A total of 23 surface emissions 

measurements were performed, including three baseline determinations, two 

background measurements at one location, 11 gridpoint locations (randomly 

selected), and seven non-gridpoint locations (judgment or nonrandom sam

ples). A summary of the sampling location characteristics is given in Table 

6.1-4. Six of 20 locations yielded measured concentrations of THC (as 

benzene) and/or SÔ  higher than the baseline tests. Locations near Ell, 

F8, and B6 are nonrandom points selected for testing because of their oily 

appearance. Most (10 of 13) randomly selected gridpoints yielded no measur

able emissions. Therefore, the nonrandom points should not be considered 

representative of the site as a whole, but only indicative of localized 

"worst case" area emissions representing a limited surface area on site. 

The overall site emissions rates for THC (as benzene) and SÔ  have 

been calculated by averaging all emissions data above baseline. These rates 

are presented in Table 6.1-5. Table 6.1-5 also provides the emissions rates 

for the six points showing above-baseline emissions, along with the baseline 

emissions data obtained using the emissions measurement system as described 

above and typical background (i.e., clean area measurement) data. The field 

data sheets for all points may be found in Appendix H. Plates 6.1-3 and 
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6.1-4 display the results of the surface emissions rate measurements for THC 

(as benzene) and SÔ , respectively. 

The surface emissions rates from the Purity site can be estimated by pit 

using the total average emissions data provided in Table 6.1-5. An 

2 

approximate area of exposed waste (m ) times the emissions rate 

2 -1 
(yg/m -min ) by gridpoint location will provide emissions rates of 
THC and SÔ  species by pit area. The average emissions rate data can also 

2 

be used for estimating purposes. For instance, if a 25,000 ft 

2 

(2300 m ) surface area is used to estimate exposed waste, a THC emissions 

rate of 2.5 kg/day and an SÔ  emissions rate of 0.16 kg/day would be 

calculated using the total average emissions rate data given in Table 

6.1-5. However, an accurate estimate of emissions would require an accurate 

estimate of exposed waste material. As such, the uncertainty in the 

calculation (aside from the uncertainty of the exposed waste estimate) is at 

least +50 percent. 

Three air canister samples were collected during the quantitative sur

face emissions survey; these samples were collected in Pits 3, 4, and 6. 

These locations had the two highest THC (as benzene) surface emission rates 

(Ell and F8), and the highest SÔ  surface emission rate (B6). Level C 

results of the canister analyses are summarized in Tables 6.1-6 and 6.1-7. 

The complete results of canister analyses are presented in Appendix H. 

Table 6.1-6 shows the percent of total nonmethane hydrocarbons (TNMHC) per 

species class for each sample. This table indicates that total aromatics 

are the dominant species class for a l l three locations, representing 52 to 
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77 percent of TNMHC. Paraffins are the second dominant species class, 

representing 13 to 32 percent of TNMHC. Total oxygenated hydrocarbons were 

also a dominant species class. However, the recovery of these compounds was 

variable during canister analyses, and their concentrations were not 

included in the calculation of TNMHC. 

Table 6.1-7 lists and compares the three dominant species for each 

species class for each location. Generally, the same dominant species for 

each class is found at the three locations, indicating that the surface 

emissions are fairly similar at these waste locations. 

6.1.3 Trenching Emissions 

A trenching experiment was conducted to determine the extent of dis

turbed waste gas emissions in major pits (THC species, SÔ ), and to test 

possible vapor suppression products (foams) that have been used to control 

gas emissions from waste containing volatile species. 

Emissions measurements were performed for each of the three trenches 

dug, as described in Section 2.7. The results of the uncontrolled emission 

measurements are given in Tables 6.1-8 and 6.1-9. The results of the foam 

testing for Trenches 1, 2, and 3 are given in Tables 6.1-10 through 6.1-13 

(the latter table summarizes the data). All emission rate values listed 

were calculated from real-time, portable gas analyzer data. Because these 

data were used for comparison-type testing, the uncertainty associated with 

using portable analyzers for this application (nonsurvey application) is not 

significant. The sampling sheets containing the gas analyzer data are 

presented in Appendix I. 
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Several gas samples were collected from each trench during flux chamber 

sampling. These samples were subjected to detailed speciation gas chroma

tography at Radian's Austin laboratory. The results of these analyses are 

summarized in Table 6.1-14 and the complete data set is presented in 

Appendix I. 

The uncontrolled emission rate data given in Table 6.1-8 for Pits 6, 4, 

and 7d show a range of emission levels at different depths per pit and 

differences in emission levels between pits. The range of emission levels 

within a pit is attributed to the mixing of waste and f i l l (contmction 

debris) in some areas and to heterogeneous waste types (tar material, con

taminated soil) in others. 

Differences between pits are evident by comparing SÔ  emissions rate 

ranges. In all three pits, the SÔ  emissions rate levels are one to two 

orders of magnitude higher than the THC emissions. The highest SÔ  and 

THC emissions were observed in Pit 7 at the west end of the site. A break

down of hydrocarbon species by hydrocarbon class is given in Table 6.1-9. 

These data indicate that paraffins, olefins, and aromatic species dominate 

the VOCs in all pits with the exception of a high percentage of halogenated 

hydrocarbons in Pit 6. These differences in waste material by pit support 

the common practice of depositing similar materials in discrete pits over 

time, accounting for differences in waste type and volatility. 

Five foam products were tested in three locations. Four of the products 

(FC600, 91-59, 91-60, 92-35) are designed for temporary use (<20 minutes 

duration) and one product (Sanifoam) is designed for long-term use (1 to 24 
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hours). Both types of foam products have been used to control volatile 

organic species and SÔ  during waste disturbance activities (investiga

tion, excavation and removal). The FC600 foam is an alcohol-base, fire-

fighting foam; Sanifoam is a urea-base foam. The other foams are proprietary 

3M experimental foam products. 

The approach to foam testing was to remove the debris and f i l l over

burden materials and perform an uncontrolled emission measurement on the 

waste. A small amount of waste was removed, exposing fresh waste, and a 

foam product was applied. A controlled emission measurement was then per

formed. A comparison of emission rates with and without foam indicated the 

vapor reduction effect of the foam. The results of the foam testing in 

three waste pits (6, 4, and 7d) are given in Tables 6.1-10 through 6.1-12. 

These data are summarized in Table 6.1-13. 

Problems encountered during the testing included heterogeneous waste 

within a pit and the difficulty in applying uniform foam layers from small-

scale foam-applying equipment. Comparison testing is difficult when the 

assumption of identical waste type with and without the test variable is not 

valid. Foam equipment limitations appeared to have affected the quality of 

the foam coverage. Nevertheless, these data (by pit, and summarized for all 

three pits) indicate that the temporary foam FC600 showed the best average 

vapor control suppression of the temporary foams tested. The results 

indicated that >64 percent vapor control of emissions (THC, SÔ ) could be 

attained using FC600. Sanifoam showed slightly higher control (near 70 
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percent) and has the added capability of providing longer term coverage (1 

to 24 hours). 

Canister sampling comparing uncontrolled and controlled vapor emissions 

by foam product (Table 6.1-14) indicates control by hydrocarbon class (i.e., 

paraffin, olefin, etc.). Negative or low vapor reduction data may reflect 

waste heterogeneity or foam application limitations. The reduction control 

observed for total nonmethane hydrocarbon species generally supports the 

real-time analyzer data discussed earlier. 

6.2 North Central Canal 

This section of the report presents the findings from the exploration 

program in the North Central Canal (Plate 2.9-1). The canal is located on 

the southem edge of the Purity site and is used during summer as a source 

of irrigation water for the limited agriculture in the area. During the 

remainder of the year, the canal is dry except for surface-water mnoff 

during periods of precipitation. Our investigation of the canal included 

measurement of water flow, the collection of sediment samples from the 

bottom of the canal, and the collection of water samples from 17 locations 

upstream, adjacent to, and downstream from the Purity site (field procedures 

are described in Section 2.9). 

Water level elevations taken on the canal surface on August 7, 1984 

indicate a fall of 0.74 feet per 1,000 feet for the stretch of the canal 

adjacent to the site. Surface-water flow measurements were unreliable 

because of the large variations in the amount of weeds present in the canal 
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bed. The weed cover varied from 5 to 100 percent of the bed. The average 

flow in the canal was calculated to be 18 cubic feet per second. Table 

6.2-1 presents the flow values for all canal sampling stations. 

6.2.1 Surface-Water Contamination 

Overall water quality (inorganic and organic) in the North Central Canal 

is very good. Table 6.2-2 presents a summary of the canal water quality 

data and Table 6.6-3 presents a summary of the chemical data in mean con

centrations for canal-water samples in comparison with ground-water sam

ples. (Raw data are presented in Appendix E.) 

Water quality from the inorganic ion standpoint is excellent. The 

average concentration for all individual ions is less than 10 milligrams per 

liter (mg/l), hardness is 11.6 mg/l, pH is 7.7, and the detected concentra

tions of metals is well under any federal or state standards or action 

levels for inorganic parameters. 

Water quality from the organic chemical standpoint is acceptable. 

Trichlorofluoromethane (Freon 11) was detected in every water sample (Table 

6.2-2), with a mean concentration of 3.2 micrograms per liter (yg/l). 

Freon 11 is a common atmospheric contaminant in industrialized areas and 

thus is the probable cause for the surface water contamination. Regardless 

of the source of the contamination, the chemical was detected in all samples 

and is not attributed to a source at the Purity site. 

Phthalates were also detected in one water sample. Two identified and 

10 unidentified isomers of the chemical were detected in the downstream 

sample farthest from the site (C-l on Plate 2.9-1). Bis-(2-ethylhexyl) 
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phthalate was detected at 14 yg/l, di-n-octyl phthalate was detected at 

134 yg/l, and the 10 unidentified isomers were found in concentrations of 

3.0 to 78 yg/l. The phthalates were detected only downstream from the 

site, but only in one of the three downstream samples. , Therefore, the 

source of the organic chemicals may be the site, but no clear source can be 

established with the data presently available. 

6.2.2 Sediment Contamination 

Sediment samples were also collected from the North Central Canal during 

the field investigation (Plate 2.9-1). The purpose of sample collection was 

to evaluate whether waste material from the Purity site is present in sedi

ments in the bottom of the canal. 

During sampling (described in Section 2.9), black tarry material was 

observed in several samples. The tarry material was interbedded with the 

natural sediments in small (less than 0.01-foot) layers (Table 6.2-3). The 

layers were not found on the shallowest sediments, so the deposition of the 

tar was not recent. It is unknown how frequently the canal is excavated, so 

it is uncertain whether tar migrates into the canal frequently or whether 

the tar has been present since the waste ponds were filled in. 

The results for chemical analyses of the sediment samples are presented 

in Table 6.2-4 and Appendix E. The maximum concentrations detected for 

selected parameters are as follows: 
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pH = 5.0 in sample C-2; 

conductivity = 100 ymhos/cm in sample C-5 

oil and grease = 5518 yg/g in sample C-l 

lead = 19 yg/g in sample C-12 

total phenolics = 0.32 yg/g in sample C-17 

sulfate = 23 yg/g in sample C-5. 

The distribution of contamination based on oil and grease, pH, and lead is 

graphically presented on Plate 6.2-1. 

The results do not depict a gradual increase in contamination as the 

downstream distance increases; rather, they show that contamination of the 

canal bed sediments from tarry material is localized. The magnitude of 

contamination is low when compared with soil samples discussed in the next 

section. The concentrations of lead quantified in the canal sediments are 

less than any current federal or state standards or action levels by one to 

two orders of magnitude, and the level of contamination present in the sedi

ment does not appear to have an adverse impact on surface water quality 

flowing in the canal. 

In summary, no apparent hazard exists from either water or sediment in 

the North Central Canal when the canal is full. Unless new slugs of tarry 

material enter the canal, no hazard should exist when the canal is not full. 
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6.3 Geology 

This section of the report presents the geologic data for the Purity 

site and the surrounding area. The conclusions and interpretations reached 

regarding lateral continuity of sediments are based on.widely scattered 

downhole lithologic observations. Because of the large variation present in 

the alluvial sediments found near Purity, these conclusions could be modi

fied as additional geologic data become available. 

6.3.1 Regional Geologic Setting 

The City of Fresno is located near the middle of the San Joaquin Valley, 

one of the two subbasins of the Central Valley geomorphic province. The 

Central Valley Province is a stmctural trough overlain by an alluvial plain 

extending 450 miles from Redding in the north to the Tehachapi Mountains in 

the south. The average width of the province is 50 miles. The San Joaquin 

Valley is bounded on the east by the Sierra Nevada mountains and their foot

hills, and on the west by the Coast Range. The valley floor is composed of 

alluvial fans, terraces, and flood plains of perennial and intermittent 

streams. The two main perennial streams are the San Joqauin and Kings 

Rivers. The fans formed by the San Joaquin and Kings Rivers as they over

flowed their banks are the largest geomorphic features in the area. Between 

these two high fans, which are from 10 to 90 feet above the current river 

channels, lies a compound alluvial fan area formed by intermittent streams. 

This area drains the Sierra Nevada foothills and is characterized by steeper 

slopes and greater dissection than the fans formed by perennial streams. 

Plate 6.3-1 shows the principal geomorphic features of the area. 
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The Kings River flows toward the southwest, splitting into two channels 

south of Raisin City. One channel flows west toward the Fresno Slough, a 

northwest- to southeast-trending trough which divides the valley. The other 

channel continues flowing southwest out of the area. The San Joaquin River 

meanders westward from the Sierras. The land surface in the Fresno area 

slopes gently westward, with a decline of 4-1/2 feet per mile. 

Seismically, Fresno is near the Central Valley Seismic Zone. The 

maximum magnitude recorded for an earthquake in this area is greater than 

6.0 on the Richter scale. The nearest major fault zones are in the Owens 

Valley, the San Andreas fault zone, and the recently active fault zone near 

Coalinga. Based on the 1982 Uniform Building Code, Fresno lies in Zone 3. 

Within this zone, ground shaking may occur which corresponds to intensity 

VII or higher on the Modified Mercalli intensity scale. 

The principal water-bearing formations of the Fresno area are sedi

mentary deposits which overlie the back slope of the southwest-tilting fault 

block of the Sierra Nevada (Plate 6.3-2). The bedrock is exposed in the 

eastem foothills of the mountains, and comprises pre-Tertiary jointed 

metamorphic rock and large-scale intmsions of igneous rock. Depths to the 

basement complex are small (0 to 200 feet) near the mountain front, where 

there is a bedrock shelf, but they increase toward the west where depths 

range from 200 to 13,000 feet. The shelf slopes gently to the southwest at 

1 to 2 degrees, and is penetrated by many water wells. The back slope of 

the Sierra Nevada slopes more steeply to the southwest at 4 to 6 degrees. 
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The depth to bedrock in the vicinity of the Purity Oil Sales site area is 

about 4000 feet. 

Consolidated marine and continental rocks, primarily sandstone, si l t 

stone, and shale, overlie the basement rock. These rocks are of Cretaceous 

and Tertiary age, occur at great depth (greater than 1000 feet), and are not 

penetrated by water wells. Unconsolidated continental deposits of Tertiary 

and (Quatemary age that overlie the consolidated marine rocks yield water at 

rates of 500 to 2500 gallons per minute (gpm) to wells near Hanford and 

Visalia, but no water wells in the Fresno area are completed in these 

deposits. 

Overlying the unconsolidated continental deposits of Tertiary and 

(Quatemary age are unconsolidated alluvial deposits of (Quatemary age, which 

comprise the main aquifer in the Fresno area. These are divided into older 

alluvium, lacustrine and marsh deposits, younger alluvium, flood plain 

alluvium and sand dunes. 

The older alluvium consists of sand, silty sand, gravel, cobbles, and 

boulders with interbedded lenses of clay, silt, and silty clay. The 

deposits become more fine-grained toward the west, but in the Fresno area 

this unit forms a major aquifer because of its coarse-grained materials. 

The older alluvium is divided into blue, green, or gray reduced deposits, 

indicating subaqueous deposition, and red, yellow, or brown oxidized 

deposits, indicating subareal deposition. The reduced zones are generally 

finer-grained than the oxidized zones. The oxidized deposits are exposed 

over much of the Fresno-Clovis area and range in thickness from 0 to 200 
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feet where they overlie the bedrock shelf on the east, to about 1100 feet 

toward the middle of the valley. On the westem side of the valley, the 

oxidized deposits decrease to a thickness of about 200 feet. 

Lateral variations in the texture of the upper 300.feet of the oxidized 

sediments correspond with locations of alluvial fans and river beds. Near 

the mouths of canyons on the east side of the valley, the perennial stream 

fans consist of clean, well-sorted gravel, gravel and sand, and sand with 

small amounts of clay and silt. The channel deposits become finer-grained 

with distance away from the canyon mouths. The compound alluvial fan area 

between the two major perennial fans is characterized by poorly sorted, 

fine-grained materials laid down by intermittent streams. Due to this 

depositional history, vertical permeability is several orders of magnitude 

less than horizontal permeability, and most ground-water movement occurs 

laterally in coarse-grained deposits. 

(Quatemary lacustrine and marsh deposits comprising lenses of gray, 

greenish gray, blue, and yellow silt, silty clay, and clay are interbedded 

with the reduced zones of the older alluvium and underlie flood basin 

deposits and younger alluvium. Tongues of clay extend from the deposits 

under Tulare Lake and are named the A, B, C, D, E, and F clays. The E-clay, 

probably equivalent to the Corcoran clay member of the Tulare formation, 

underlies 265 square miles in the westem part of the Fresno area and forms 

the largest aquiclude in the area. These clay layers are absent beneath the 

vicinity of Fresno itself and beneath the Purity site. 
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The younger alluvium, flood-plain deposits, and sand dunes are rela

tively insignificant in terms of ground-water supply. The younger alluvium 

consists of thin fluvial, arkosic beds which are very similar lithologically 

to the underlying older alluvium. The flood-plain deposits form a narrow 

belt along the Fresno Slough Bypass, and consist of lenses of fine sand, 

silt, and clay. The permeability of these deposits is very low. The sand 

dunes are exposed in the southeastem and central parts of the Fresno area, 

range in thickness from 0 to 30 feet, and in most places lie above the water 

table. 

The water-bearing alluvium in the San Joaquin Valley has been divided 

into three interconnected aquifers: 1) the unconfined aquifer; 2) the 

shallow aquifer; and 3) the three confined aquifers between the clay 

layers. The shallow aquifer occurs to the northwest and southwest of the 

Fresno area and the confined aquifers occur in the older alluvium in the 

westem part of the area. In the vicinity of Malaga and Fresno, the uncon

fined aquifer is the predominant source of ground water. The unconfined 

aquifer occurs primarily within the part of the older alluvium that is not 

interbedded with lacustrine and marsh deposits. 

In summary, there is no evidence that the aquifer materials underlying 

the Purity site are hydrogeologically separate from the aquifer materials 

providing the domestic water supply for the City of Fresno. On the 

contrary, historic water levels (Plate 6.3-3) indicate that the aquifer 

materials in both areas are hydraulically connected since punning from the 

City of Fresno wells has altered the direction of ground-water flow in the 
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vicinity of Malaga. Geologic data also indicate that potential confining 

layers of silt and clay are thin, lenticular, and discontinuous, and that 

the transmissive sand and gravel layers are interconnected on a regional 

scale. 

6.3.2 Site Geology 

The Purity site and the nearby areas are underlain by alluvial sediments 

as described above. Geologic cross sections (Plates 6.3-4 through 6.3-9) 

illustrate the site geology. In general, away from the site, lateral 

continuity is present for broad groups of sediments deposited at equivalent 

elevations across the site (Plate 6.3-4). These broad stratigraphic 

equivalents appear to be flatlying and display greater variation in the 

vertical direction than in the lateral direction. There are no thick layers 

of clay present down to the exploration depth of 105 feet that would act as 

a confining layer for ground-water flow under saturated conditions. All 

stratigraphic units within the investigation area are assumed to be in 

hydraulic connection. 

Beneath the site, the lateral geologic continuity has been dismpted by 

site activities as indicated by the presence of the black tarry material and 

variations in lithologies in the subsurface (Plates 6.3-5 through 6.3-9). 

As indicated on the plates, sand and silty sand are the predominant sedi

ments beneath the site. There are some minor clay lenses and some larger 

lenses of silts. Above the caliche zone (discussed below), it is uncertain 

what the sediments actually represent because of the disposal of clay and 

sludge waste material into the pits (Section 1.4). Therefore, except for 
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the caliche zone, no attempt has been made to correlate sediments laterally 

on Plates 6.3-5 through 6.3-9. 

Low permeability horizons of sediment that appear to be present under 

the site may act as barriers to the downward migration.of fluid under 

unsaturated conditions. A zone of cemented sand and silt (caliche zone) is 

present from approximately Elevation 275 to 278 feet above Mean Sea Level. 

The layer was evident in many undisturbed soil samples. The caliche was 

identified by increased blow counts while collecting sanples, by observa

tions of cementation, and by marked color variations within some partially 

cemented samples. Above the caliche, the sediments became progressively 

darker (oil-stained appearance). Below the caliche, the soil was natural in 

color, usually browns or olive greens. The chemical data from soil above 

and below the caliche zone were significantly different. The soil above the 

caliche generally had higher concentrations of volatiles and oil and grease 

and lower pH values. More than one cemented layer was found, but the one at 

Elevation 275 appeared to be the most continuous. Based on the existing 

data, the caliche appears to be a natural barrier to downward migration of 

the oily waste material and could be utilized as a target horizon for source 

control remedial altematives. 

6.4 Surface Soil Contamination 

Surface soil samples collected during the Purity RI were analyzed 

according to Levels A, B, and C protocols (protocols described in Section 

3.0). The sampling program is described in Section 2.8 and the sample 
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locations and identification numbers are shown on Plate 2.8-1. A complete 

tabulation of the results of the chemical analyses i s presented in Appendix 

E. The results are summarized below according to s o i l pH (Plate 6.4-1), 

inorganic chemical analyses (Tables 6.4-1 and 6.4-2), and organic chemical 

analyses (Tables 6.4-3 and 6.4-4). 

6.4.1 Surface Soil pH 

Using pH as an indicator, the chemical quality of surface s o i l was found 

to vary significantly across the site. The pH values were quantified in the 

7,0 to 9.0 range in the backyard area (west end) of the site where constmc

tion debris was used to f i l l the pits containing o i l y waste material. In 

the frontyard area (east end), the s o i l was found to have pH values 

predominantly in the 5.0 to 7.0 range. Background samples were also found 

to have higher pH (7 to 9), so the lower pH values probably represent con

tamination from many years of surface s p i l l s . 

I t is important to note that the greatest contamination was detected in 

four areas: 1) adjacent to the tanks in the frontyard area; 2) in the back

yard areas where waste has migrated through the f i l l material and formed 

surface seeps in the center of the site (many of which have now been removed 

- see Section 1.3); 3) where waste has seeped off-site along the northem 

site boundary; and 4) in the far westem end of the site where an open pit 

(Pit 7c, Plate 1.3-3) of oily/tarry waste existed (now removed - see 

Section 1.3). 

As shown on Plate 6.4-1, there was a potential health risk present at 

the Purity site due to migration of waste material. Waste material having a 
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pH <1.0 was detected in the Tall Trees trailer park north of the site 

boundary, in Bmno's Used Materials west of the trailer park, and in the 

railroad right-of-way west of the site boundary. It was observed during the 

field investigation that new seeps were formed during the hottest part of 

the hottest days, and that old seeps appeared to have fresh waste flow out 

of them under the same conditions. The heat probably "melts" the tarry 

waste and the weight of the f i l l displaces the waste upward in the center of 

the site or laterally at the perimeter. Also, since the waste appears to 

become mobile with excessive heat, other seeps could form adjacent to any 

section of the site perimeter. 

To reduce the health risk from low-pH material in the trailer park 

property, the entire berm in the trailer park was covered with gunite 

(sprayed concrete) during the field investigation at the direction of DHS. 

Immediate risk was not associated with other surface seeps on the site 

perimeter (because of limited access due to the large piles of scrap iron), 

and therefore, they were not covered with concrete. Also, as mentioned in 

Section 1.3, the EPA performed a removal action for the Pit 7c, railroad 

right-of-way, and backyard surface seeps of waste material. 

6.4.2 Surface Soil Inorganic Results 

Both Level B and C inorganic analyses were performed on soil samples 

collected at the Purity site (Tables 6.4-1 and 6.4-2). These results also 

indicated that soil contamination is variable across the site. The degree 

of variation, based on a summary of the Level B analyses, is illustrated by 
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the range of concentrations for o i l and grease (O&G), lead (Pb), and phenols 

(Phen), as follows: 

Front Yard: O&G - 480,000 to 4000 yg/g 
Pb - 21,000 to 210 yg/g 
Phen - 11.4 yg/g to not detected 

Back Yard: O&G - 540,000 to 6900 yg/g 
Pb - 9400 to 85 yg/g 
Phen - 12 yg/g to not detected 

Off-site/Background: O&G - 130 yg/g (1 sample) 
Pb - 145 to 5.3 yg/g 
Phen - Not detected (1 sample) 

The results of the ultimate and proximate analyses (Table 6.4-1) also 

illustrate the gross characteristics of the waste and soil found at the 

Purity site and the high degree of variability for each parameter. The 

results (except for heat value) are provided in percent of the total sample 

weight. These data can be used during the FS to evaluate potential incin

eration remedial technologies. The range and area for the following param

eters is summarized below: Oxygen (0), Carbon (C), Nitrogen (N), Sulfur 

(S), Ash, British Thermal Units per pound (BTU/lb), Volatile Matter (VOL), 

Fixed Carbon (FIX CARB), and Dry Loss. 
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Maximum 

Minimum 

% 0 

37.47 
(Pit 7) 

0.66 

% C 

49.81 
(Pit 6) 

0.34 
(frontyard) (off-site) 

% H 

8.84 
(Pit 7) 

0.11 
(off-site) 

% N 

0.37 
(Pit 7) 

0.03 

% S 

8.61 
(Pit 7) 

ND 
(frontyard) (off-site) 

Maximum 

Minimum 

% ASH 

98.11 
(off-site) 

8.58 
(Pit 7) 

BTU/lb 

11,259 

% VOL 

74.05 

% FIX CARB % DRY LOSS 

(frontyard) (Pit 7) 
18.5 
(Pit 6) 

None 1.29 ND 
(off-site) (frontyard) (several) 

27.85 
(frontyard) 

0.49 
(Pit 6) 

The inorganic analyses also included quantification of selected metal 

ions for soil samples. Identification of noncontaminated soils was based on 

the results of the Level A analyses and the area from which the sample was 

collected. A l l off-site and background samples were assumed to be non-

contaminated unless contamination was indicated by pH, conductivity, or 

volatile emissions. Using the Califomia Total Threshold Limit Concentra

tions (TTLC) as a standard, 23 samples had a lead concentration that 

exceeded the TTLC value of 1000 micrograms per gram (yg/g) (Plate 6.4-2). 

Seven of these samples were collected off-site and 17 were collected on-site. 

As shown on Plate 6.4-2, the areas with elevated lead concentrations 

generally coincide with areas of low pH. The elevated lead concentrations 

were found primarily in the frontyard area where the tanks s t i l l exist, in 

the backyard area related primarily to Pit 7, and off-site where tarry 

material has apparently migrated from the site. As discussed previously for 
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pH, the waste material with elevated lead concentrations has been covered 

with gunite in the trailer park, removed at the on-site seeps in the back

yard, and very limited access at the scrap iron yard reduces the possibility 

of public contact in the other off-site area. 

Table 6.4-2 also presents the results of chemical analyses for other 

metal ions. Lead was found to be the only metal that exceeds the TTLC 

standard at the site and other data are not discussed further. 

6.4.3 Surface Soil Organic Results 

The results of chemical analyses of soil samples for organic chemicals 

included the Level A volatiles screen, the Level B oil and grease and phenol 

analyses, and Level C analyses for volatile, base/neutral, and GC/MS charac

terization organics. The results from all of these analyses are presented 

in Appendix E. The data are summarized in Table 6.4-1 for volatiles peak 

(Level A screen), oil and grease, and phenols. Table 6.4-3 presents the 

Level C results for volatile and base/neutral compounds, and Table 6.4-4 

compares the occurrence of organic compounds in the surface versus the sub

surface soils. No illustration of organics in surface soils has been pro

vided because the distribution of surface soil contamination using pH and 

lead (Plates 6.4-1 and 6.4-2, respectively) adequately illustrated the areas 

of contamination. The codes used for the organic chemicals on Table 6.4-3 

(e.g. 4V) are explained in Table 6.4-5. 

Using the Level A and Level B data as a gross indicator of organic 

chemical contamination (Table 6.4-1), surface soils were found to vary from 

uncontaminated to highly contaminated and range as follows; 
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Volatiles Peak data ranged from 0.1 to 32 ppm. The frontyard 
samples were generally found to have low levels of contamination 
(less than 2 ppm) with the exception of Samples 046, 047, 052, and 
063 (locations shown on 2.8-1) which were found to have levels 
greater than 2 ppm and less than or equal to 10 ppm. There were no 
unusually high on-site concentrations of volatiles associated with 
frontyard Pits 1, 2, or 3. For volatiles, the most contaminated 
surface soil samples (Sample 147 at 32 ppm and Sample 149 at 25 ppm) 
were found in the backyard, but because of the f i l l material placed 
in the pits, many of the samples had volatiles at concentrations 
less than 1 ppm (Samples 084, 094, 113, and 144). The remaining 
samples have concentrations ranging from 1 to 5.7 ppm. As in the 
frontyard samples, there is no clear connection between volatiles 
and the location of any of the pits. For off-site samples, with the 
exception of Sample 171 (associated with Pit 1) which was covered 
with gunite during the RI, a l l samples had low concentrations of 
volatiles. 

Oil and grease (O&G) data ranged from 26 to 600,000 yg/g. In the 
frontyard, O&G was elevated (greater than 100,000 yg/g) in Samples 
046, 047, 069, and 070. The former two samples also have elevated 
volatiles concentrations and the latter are in the area where the 
tanks are s t i l l present. In the backyard, the elevated O&G concen
trations are located in the westem end of Pit 7 or are associated 
with the surface seeps of tarry material. As mentioned in Section 
2.3, most of this material was removed by EPA in 1985. For the 
off-site samples, elevated O&G concentrations were found adjacent to 
the fence at the westem end of the site (Sample 556), or were 
adjacent to the fence in the trailer park and are now covered with 
gunite (Samples 170 and 171). By comparison, off-site samples not 
affected by site activities had O&G cncentrations as low as 130 
yg/g (Sample 151). 

Phenols data ranged from not detected to 14 yg/g. In the front-
yard, only Sample 047 had a phenol concentration exceeding 10 
yg/g. Most of the samples with concentrations greater than 1 
yg/g were associated with the tanks that are s t i l l present at the 
westem end of the frontyard, and the remaining samples had low or 
not detected phenol concentrations. In the backyard, with the 
exception of Sample 146 (Pit 7) a l l samples with phenol 
concentrations greater than 2 yg/g were located at the westem end 
of Pit 7. The other samples either had no detected phenols or had 
concentrations less than 1 yg/g. For the off-site samples, the 
only elevated phenol concentrations were found in Samples 171 and 
556. 
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The Level C analyses analyses were used to identify and quantify 

specific organic chemicals found in waste at Purity. The results of these 

analyses are summarized in Table 6.4-3 for the volatile and base/neutral 

extractable chemicals detected by EPA Methods 8240 and,8270. As shown on 

Table 6.4-3, eight volatile organics were detected (benzene, chlorobenzene, 

ethylbenzene, 1,1,1-trichloroethane, methylene chloride, trichloroethene, 

tetrachloroethene, and toluene) and four base/neutral extractables 

(napthalene, benzo(a)anthracene, anthracene, and phenathrene) were detected 

in surface soils at Purity. The greatest number of volatiles were detected 

in samples from the westem end of Pit 7 (Samples 143 and 144). The westem 

end of Pit 7 was also the only area where base/neutral extractables were 

detected (Samples 134 and 145). 

In the frontyard, volatiles were not quantified in Samples 047, 052, 

069, or 070. Only trichloroethene was detected in Sample 046 and ethyl 

benzene, tetrachloroethene, and toluene were detected in Sample 068 (asso

ciated with the tanks s t i l l present at the westem end of the frontyard). 

For the off-site samples, no volatiles were quantified in Samples 151, 159, 

or 552 and only a low level of toluene was detected in Sample 163. Sample 

163 is located in the trailer park and is currently covered with gunite. 

Table 6.4-4 presents a comparison of the chemicals detected in the 

surface samples versus those found in the subsurface samples. The table 

includes volatiles, base/neutral extractables, and chemicals detected by the 

GC/HS charaterization analysis. In general there is good agreement between 
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the surface and subsurface samples. For volatiles, only three chemicals are 

detected in the subsurface that were not detected in surface samples 

(1,2-dichloroethane, 1,2-trans-dichloroethene, and 1,2-dichloropropane). 

For base/neutral extractables, napthalene is the only chemical common to 

both types of samples. 

For the GC/MS characterization chemicals, there are 23 chemicals that 

are detected in either surface or subsurface samples and there are 14 chemi

cals that are found in both surface and subsurface samples (see Table 

6.4-4). The notable chemicals (several occurences in both surface and sub

surface samples) were 2-butanone, acetone, dimethyl cyclooctane, methyl 

cyclohexane, and xylene. It is important to note that xylene had the 

greatest number of occurences and the highest concentrations in both the 

surface and subsurface samples. 

6.5 Subsurface Soil Contamination 

Subsurface contamination was evaluated with respect to both downhole 

emission rates and subsurface soil contamination. A total of 23 borings 

were drilled for collection of undisturbed samples for the soil evaluation. 

Downhole emission measurements were made in six of the borings for eval

uating emissions from various portions of the subsurface. This section of 

the report presents the results of those two programs. The methodologies 

for the two types of sampling are presented in Section 2.10. 

6-27 



Harding Lawson Associates 

6.5.1 Downhole Emission 

Downhole emission concentrations were measured in Borings B-1 through 

B-6. Boring B-1 was located in the frontyard; Boring B-2 was located in 

Pit 5; Boring B-3 was located in the Waste Pit at the west end of the site; 

Boring B-4 was located in Pit 7; Boring B-5 was located in Pit 6; and Boring 

B-6 was located near Pit 2 (see Figure 6.5-1). These borings were expected 

to provide a representative sampling of the site. The general approach was 

to conduct downhole emission measurements at 5-foot intervals below ground 

surface. In this way emissions measurements were made in the waste and the 

soil below the waste. Some measurements were performed at intervals other 

than 5 feet due to obstmctions such as rock debris. 

Downhole emissions vertical profiles were calculated from the downhole 

emission concentration measurements (Appendix D). Emission rates versus 

depth for Borings B-1 through B-6 are summarized in Tables 6.5-1 through 

2 

6.5-6. These tables give emission rates, in yg/m -min, for total hydro

carbons, benzene, and sulfur dioxide. The emissions vertical profiles are 

also shown schematically on Figures 6.5-2 through 6.5-17, with emission rate 

versus depth plotted. Borings B-1 and B-4 did not have measurable levels of 

sulfur dioxide emissions. Downhole emission concentration measurements were 

not made for the remaining borings (B-7 through B-23). Table 6.5-7 lists 

the baseline emission rates for the downhole emissions equipment. Baseline 

values represent the lower detection limit for the emission analyzers. 
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For total hydrocarbons (THC), steady-state emission rates ranged from 

2 

710 to >2,400,000 yg/m -min. Emission rates increased at the bottom of 

the waste and/or in the soil directly below the waste. Emissions generally 

decreased with increasing depth below the waste. Boring B-3 had the lowest 

THC emission rates, while Borings B-5 and B-6 had THC emission rates approx

imately two orders of magnitude higher than the other borings. 

For benzene, steady-state emission rates ranged from 120 to >2,300,000 

2 

yg/m -min. Emission rates generally increased at the bottom of the 

waste and/or in the soil directly below the waste. Emissions generally 

decreased with increasing depth below the waste. Borings B-3 and B-4 had 

benzene emission rates 1.5 to 2 orders of magnitude lower than the other 

borings. 

For sulfur dioxide (SO^), steady-state emission rates ranged from 19 
2 2 

yg/m -min (baseline) to 2,700,000 yg/m -min. Borings B-1 and B-4 

did not have measureable SÔ  emission rates. Borings B-2, B-3, and B-6 

had generally constant emission rates regardless of depth below the waste. 

Boring B-5 had SÔ  emission rates several orders of magnitude higher than 

the other borings. For Boring B-5, SÔ  emissions increased near the 

bottom of the waste and then decreased with increasing soil depth below the 

waste. 

A comparison of the boring emission rates indicate that Boring B-4 

(Pit 7) had the lowest overall emission rates: low THC, lowest benzene, and 

no measurable SÔ  emissions. Boring B-5 (Pit 6) had the highest overall 

emission rates: high THC and benzene emission rates and highest SÔ  
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emission rate. Boring B-6 (near Pit 2) also had high overall emission 

rates: highest THC, high benzene, but low SÔ  emission rate. Borings 

B-1, B-2, and B-3 had comparatively low overall emission rates. 

An air (gas) canister sample was collected from each boring. Canister 

samples were subjected to extensive analyses (Level C). The canister 

analyses provided qualitative and quantitative speciation of the total non

methane hydrocarbons (TNMH) being emitted. The results of the canister 

speciation are summarized in Tables 6.5-8 through 6.5-10 and presented in 

Appendix D. 

Table 6.5-8 present the results of the canister speciation as percent of 

TNMH for each species class. As shown in the table, paraffins were the 

dominant species class for all borings except Boring B-1, where paraffins 

accounted for 35 to 76 percent of TNMH (ppmv-C). Paraffins accounted for 

>50 percent of TNMH for Borings B-2 through B-6. Olefins were the dominant 

species in Boring B-1, with paraffins the second dominant species. Total 

halogenated hydrocarbons were the second dominant species in Boring B-5. 

Total aromatics were the second dominant species in Boring B-2 and B-4 and 

were a third dominant species in Boring B-1. Total oxygenated hydrocarbons 

and unidentified VOCs were not significant components of TNMH; these species 

classes comprised <1 percent of TNMH for all borings. 

Table 6.5-9 presents the three dominant species of each species class 

for each boring. Table 6.5-10 indicates the number of occurrences of a 

species as a dominant species in Table 6.5-9. As can be seen from these 

tables, only three species were consistently dominant in the borings. For 
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total aromatics 1,3,5-trimethylbenzene was dominant in five borings, while 

p-xylene/m-xylene were dominant in four borings. For total oxygenated 

hydrocarbons, hexanal was dominant in all six borings. For paraffins, 

olefins, and total halogenated hydrocarbons no individual species was 

dominant in more than half of the borings. For these latter three classes, 

no specific compound was identified as dominant. 

6.5.2 Subsurface Soil Contamination 

In addition to the downhole emissions surveys described in the previous 

section, subsurface soil contamination was assessed based on Level A, B, and 

C chemical analyses of soil samples collected from the 23 borings drilled 

during the Purity RI. The location of the borings is shown on Plate 2.10-1 

and the drilling and soil sampling procedures are described in Section 

2.10. The results of all chemical analyses are presented in Appendix E. 

The geologic logs of the borings are presented in Appendix A. Each boring 

log also includes the results of selected chemical analyses according to the 

depth of the collected samples so that chemical variations with depth are 

illustrated. Table 6.5-10 presents a summary of the results of inoganic 

analyses performed on subsurface soil samples and Table 6.5-11 summarizes 

the results of organic chemical analyses performed on the subsurface soil 

samples. Table 6.4-5 presents the key to the organic chemical codes used in 

Table 6.5-11 (e.g. 4V). Also, the distribution of volatiles (Level A Peak 

Volatiles analyses) for selected borings has been presented on Plates 6.5-18 

through 6.5-20. To evaluate the variations in chemical data with depth in 

the various pits at Purity, geologic cross-sections B-B' through F-F' have 
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been contoured with both volatile peak and a combination of pH, oil and 

grease, and lead data on Plates 6.5-21 through 6.5-30. The assessment of 

subsurface contamination is provided below according to pH, inorganics, and 

organics. 

6.5.2.1 Subsurface Soil pH 

Because a major component of waste generated during the Purity opera

tions was sulfuric acid (Section 1.4.1), pH is a good indicator for the 

distribution of waste and contamination in the subsurface. Based on the 

surface soil pH data (Section 6.4) background pH values apparently range 

from 7 to 9. Subsurface soil has therefore been divided into three cate

gories (clean, contaminated, and highly contsuninated) for evaluation 

purposes. Clean soil has pH values greater than 5, contaminated soil has pH 

values less than (<) 5, and highly contaminated soil has pH values <2. 

The pH data for each boring has been presented on Plate 6.4-1 in conjuc-

tion with the surface soil pH. Based on this plate, neither the distribu

tion of surface or subsurface pH values provides a complete evaluation of 

subsurface contamination. What can be determined from this plate is that 

highly contaminated soil is probably associated with Pits 1, 4, 6 and 7 (in 

particular. Pits 7a, 7b, and 7c) and that contaminated soil is present in 

the frontyard area and in Pits 3 and 5. Also, highly contaminated soil may 

be present in Pits 3 and 5 because only one boring is located within the 

estimated boundary of each pit and the material encountered in the subsur

face samples was extremely heterogeneous. 
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The distribution of contamination using pH as an indicator is also 

subjectively interpreted in cross sections B-B' through F-F* (Plates 6.5-21, 

6.5-23, 6.5-25, 6.5-27, and 6.5-29). These cross sections provide gross 

estimates of the distribution of contaminated and highly contaminated soil 

with respect to pH, oil and grease (O&G), and lead (Pb) as follows: 

Contaminated soil = pH less than or equal to 5 

O&G greater than 10,000 yg/g 

Pb greater than 200 yg/g 

Highly contaminated soil = pH less than or equal to 2 

Pb greater than 1000 yg/g 

It should be noted that these plates assume that the waste material 

encountered in a boring is distributed laterally throughout a given pit. 

Actual subsurface conditions encountered during remedial cleanup will likely 

differ greatly from the interpreted waste distribution shown on the cross 

sections. 

The cross sections have also been used to evaluate the depth of con

tamination. In general, the highly contaminated material is distributed in 

thin lenses located within 10 feet of ground surface. Only one boring has 

highly contaminated material down to the caliche layer (B-17 in Pit 7). On 

the other hand, contaminated material appears to be distributed down to or 

below the caliche layer in Pits 1, 4, 6, and 7. There are also some areas 

where a layer of contaminated material occurs beneath the caliche zone with 

noncontaminated soil above the layer (B-22 on Plate 6.5-21, B-20, B-21, and 

B-22 on Plate 6.5-25, and B-1 and B-3 on Plate 6.5-27), 
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6.5.2.2 Subsurface Soil Inorganic Results 

In addition to the evaluation using pH, inorganics analyses were per

formed on subsurface soil samples. Because the pH was low in many areas, 

metals were of special interest because of the potential for increased metal 

mobility. Table 6.5-10 provides a summary of inorganics analyses. Addtional 

inorganic results are shown in Appendix A in conjunction with the boring 

logs. The discussions of inorganics are limited to lead concentrations (see 

below) because no other inorganics closely approached the Califomia TTLC 

standards for soil (with the single exception listed below). 

Only lead and zinc exceed the Califomia TTLC values for metals. Zinc 

exceeds the TTLC (5000 yg/g) in Boring B-22, and lead exceeds the TTLC 

(1000 yg/g) in borings B-2, B-5, B-10, B-12, B-13, B-14, B-15, B-16, B-17, 

B-18, B-19, B-21, B-22, and B-23. Or in other terms, the TTLC for lead is 

exceeded in every pit at Purity. In the frontyard areas where no pits were 

located, the lead concentrations generally averaged less than 100 yg/g and 

ranged from not detected to greater than 500 yg/g in B-7 and B-8. 

The depths of lead contamination are estimated in conjunction with pH 

and o i l and grease data as shown on the contoured cross sections (Plates 

6.5-21, 6.5-23, 6.5-25, 6.5-27, and 6.5-29). The depth of inorganic con

tamination (lead, o i l and grease, and pH) is as follows for the frontyard 

and each pit: 
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Frontyard (Plates 6.5-21, 6.5-25, 6.5-27, and 6.5-29) 

Highly contaminated soils were not detected 

- Contaminated soils varied from 2 to 3.5 feet to 2 to 45 feet 

Pit 1 (Plate 6.5-23) 

Highly contaminated from 1 to 4.5 feet 

Contaminated from the surface to unknown depth (contaminated at 
total depth of boring) 

Pit 2 - unknown values, material removed by EPA 

Pit 3 (Plate 6.5-21) 

Highly contaminated from 2 to 4.5 feet 

Contaminated from 1.5 to 13 feet 

Pit 4 (Plates 6.5-21, 6.5-23, 6.5-25, and 6.5-27) 

- Highly contaminated soils vary from 4.5 to 12 feet to 5 to 7.5 feet 
depending on location in pit 

Contaminated soils vary from 2 to 12 feet to 2 to 21.5 feet depend
ing on location in pit 

Pit 5 (Plates 6.5-23 and 6.5-29) 

Highly contaminated soils were not detected 

Contaminated soil from 3 to 17 feet 

Pit 6 (Plates 6.5-21, 6.5-25, 6.5-27, and 6.5-29) 

- Highly contaminated soils vary from 5 to 7.5 feet to 4 to 9 feet 
depending on location in the pit 

Contaminated soils vary from 3 to 12 feet to 2 to 15 feet depending 
on location in the pit 

Pit 7 (Plates 6.5-25, 6.5-27, and 6.5-29) 

Highly contaminated soils vary from none detected to 2.5 to 8 feet 
depending on location in the pit 
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Contaminated soils vary from 5 to 11 feet to 2 to greater than 21.5 
feet (contaminated at the total depth of the boring) depending on 
location in the pit 

6.5.2.3 Subsurface Soil Organic Results 

The distribution of organic chemical compounds was.evaluated by perform

ing Level B and C analyses on 106 subsurface soil samples. The occurrence 

and range of concentration of the detected compounds in comparison with 

surface soil samples are summarized in Table 6.4-4. A total of 37 compounds 

were detected in the subsurface soil samples with 16 of those compounds 

quantified only once. Similar to the surface soil samples, the most 

prevalent compounds were ethylbenzene, xylene, and toluene. The maximum 

concentration for the compounds was 31,000 ppb for xylene, 17,600 ppb for 

toluene, and 12,500 ppb for ethylbenzene. The above concentrations for the 

three compounds were reported in B-2 (Pit 5) at a depth of 5 feet. Borehole 

B-2 yielded the most contaminated sample, and the next highest levels of 

contamination were quantified in Boreholes B-4 (Pit 7b), B-5 (Pit 6), B-13 

(Pit 4), B-15 (Pit 7), B-21 (Pit 6), B-22 (Pit 6), and B-23 (Pit 4). All of 

the above samples had organic chemical contamination exceeding 10,000 ppb in 

one sample. 

The maximum depth of organic chemical contamination for compounds 

exceeding 10,000 ppb is 12.5 feet in B-23. The maximum depth of contamina

tion exceeding 1,000 ppb is 45 feet in B-3. It should be noted, however, 

that no other organic compounds were detected in B-3 above 45 feet, so the 

contamination is probably the result of lateral migration. 
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As shotm on Table 6.5-11, base/neutral extractables were only detected 

in B-21 (Pit 6) and B-23 (Pit 4). This does not agree with the surface soil 

sanples which indicated that the base neutral extractables were only present 

in Pit 7c. 

The presence and distribution of volatile organics is also shown on 

Table 6.5-11. In 4 of the 6 borings where two or three samples were 

collected and analyzed for volatiles, the concentrations decrease with 

depth. The results from the other two borings, B-1 and B-3, are incon

clusive. In B-1, the total concentration increases with depth while the 

number of compounds actually decreases. In B-3, no volatiles are detected 

in the upper sample (17.5 feet deep) and one chemical is detected in the 

lower sample (45.5 feet deep - could represent contaminated ground water). 

Based on the results of the volatile analyses, the borings with total 

concentrations over 10,000 ppb are as follows in order of decreasing 

concentrations: B-2 (Pit 5), B-21 (Pit 6), B-23 (Pit 4), B-15 (Pit 7). For 

the other two pits that were sampled, the total volatiles concentrations 

were 630 ppb for Pit 1 (B-12) and 4010 ppb for Pit 3 (B-10). 

The Level A volatile emissions field analyses are a good qualitative 

indicator of organic chemical contamination with depth. Plates 6.5-18 

through 6.5-20 present the distribution of volatiles in the subsurface for 

selected pairs of borings. The pairs were selected because they are at 

equivalent surface elevations. It is important to use equivalent surface 

elevations because comparisons of peak contamination areas must be performed 

for equal stratigraphic horizons. 
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Several conclusions are apparent from these illustrations. First, the 

greatest contamination occurs predominantly in the upper 15 feet. Second, 

lateral migration of contaminants is indicated in several of the borings 

based on large peaks of contamination below a depth of 15 feet. The prob

able contaminant pathway down through sandy material and laterally above 

clay or caliche layers until the water table is intercepted. Third, 

ground-water contamination is indicated by the large peaks shown for the 

deep borings just above the water table (depth of approximately 40 feet). 

The distribution of organic chemical contamination has been subjectively 

interpreted using the Level A volatiles peak data contoured on geologic 

cross sections B-B' through F-F' (Plates 6.5-22, 6.5-24, 6.5-26, 6.5-28, and 

6.5-30). These plates illustrate the potential lateral and vertical extent 

of organic chemicals in the subsurface soils at Purity. While they do not 

accurately illustrate the potential distribution of all types of organic 

chemicals detected at Purity, they do provide the best approximation of the 

depth and lateral extent of subsurface soil contamination for each area 

and/or pit. 

The depths of volatile organic contamination have been divided into 

highly contaminated soils (>10 ppm) and contaminated soils (>1 ppm) for each 

pit as follows: 

Frontyard (Plates 6.5-22, 6.5-26, 6.5-28, and 6.5-30) 

- Highly contaminated soils vary from not detected to 5 to greater 
than 17 feet (highly contaminated at bottom of boring) 

- Contaminated soils varied from 2 to 7 feet to 2 to 45 feet (ground 
water level) 
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Pit 1 (Plate 6.5-24) 

Highly contaminated from 4.5 to greater than 21.5 feet (highly 
contaminated at bottom of boring) 

- Contaminated from 1 foot to greater than 21.5 feet (contaminated at 
bottom of boring) 

Pit 2 - unknown values, material removed by EPA 

Pit 3 (Plate 6.5-22) 

Highly contaminated soils were not detected 

- Contaminated from 2 to 15 feet 

Pit 4 (Plates 6.5-22, 6.5-24, 6.5-26, and 6.5-28) 

Highly contaminated soils vary from 5 to 21.5 feet to 7 to 17 feet 
depending on location in pit 

Contaminated soils from 2 to greater than 31.5 feet (contaminated at 
bottom of boring) 

Pit 5 (Plates 6.5-24 and 6.5-30) 

Highly contaminated soils detected from 4 to 19.5 feet, 29.5 to 32 
feet, and 50 feet to unknown depth (below ground-water level) 

Contaminated soil from 1.5 feet to greater than 50 feet (contami
nated down to and below ground-water level) 

Pit 6 (Plates 6.5-22, 6.5-26, 6.5-28, and 6.5-30) 

Highly contaminated soils vary from 7.5 to 16 feet to 7 to greater 
than 31.5 feet (highly contaminated soil at bottom of boring) 
depending on location in the pit 

Contaminated soils vary from 5 to 30 feet to 2 to greater than 31.5 
feet (contaminated soil at bottom of boring) depending on location 
in the pit 

Pit 7 (Plates 6.5-26, 6.5-28, and 6.5-30) 

Highly contaminated soils vary from none detected to 5 to 8 feet 
depending on location in the pit. Also, highly contaminated soil 
was detected from 40 feet to an unknown depth (highly contaminated 
below ground-water level) 
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Contaminated soils vary from 6 to 10.5 feet to 2 to greater than 16 
feet depending on location in the pit. Also, contaminated soil was 
detected from 29 feet to an unknown depth (contaminated below 
ground-water level) 

In summary, waste and contamination has been detected in every boring 

drilled for the Purity RI. The waste is apparently present on the surface 

in many front yard areas originally thought to be noncontaminated. Surface 

waste generally occurs in a thin layer and is probably related to surface 

spills. Vertical migration of contamination from the surface waste appears 

to be limited, but the exploration depth of 15 to 20 feet was inadequate to 

verify the extent of downward migration. In the deeper frontyard borings, 

contamination was detected down to the water table. While the concentra

tions of organic chemicals are low, the sumps and surface spills are 

probable sources of ground-water contamination. 

In the backyard area, waste was encountered approximately 1 to 5 feet 

below the ground surface and is present from 4 to 15 feet vertically. The 

concentrations of both waste and contamination appear to be greater below 

the larger pond areas found in the back yard areas. Contamination from the 

waste also appears to migrate to the water table in many of the back yard 

areas. The distribution of contamination below the waste does not always 

follow a linear decline with depth. This may indicate that subsurface 

variations in lithologies control the downward migration of contaminants 

beneath the Purity site. There appear to be barriers to downward flow 

present in many of the borings. Marked concentration variations exist from 

above to below layers of cemented sediments and clays. These and other 

6-40 



Harding Lawson Associates 

natural controls to downward migration of contaminants will be discussed 

further in the next section. 

6.6 Hydrogeology 

The 12 wells installed as part of this investigation (described in 

Section 2.11) were used in conjunction with the wells installed by the EPA 

for evaluating the ground-water conditions at the Purity site (Plate 

2.10-1). Originally, seven wells were installed by EPA. During the site 

investigation, however, HLA found that three of the EPA wells were nonfunc

tional for various reasons. Therefore, a total of 16 wells have been used 

to evaluate the hydrogeologic regime near the site. The location of these 

wells is shown on Plate 2.10-1. Multiple wells exist at sites Wl, W2, and 

W3 shown on Plate 2.10-1. 

This section of the report describes the aquifer parameters, direction 

of ground-water flow, recharge and discharge, and ground-water quality 

encountered or quantified during the field investigation for the Purity RI. 

6.6.1 Direction of Ground-water Flow 

Water levels were measured three times during the Purity field investi

gation. The measurements were made after drilling operations were completed 

(August 7, 1984), before the second round of ground-water samples was 

collected (September 11, 1984), and after collection of the second round of 

ground-water samples (September 14, 1984). Table 6.6-1 presents the water 

level data for the three dates. The first round of water levels probably 
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did not represent static conditions because of the numerous stresses placed 

on the aquifer during drilling, development, sampling, and aquifer testing. 

Based upon the measurements in the f a l l of 1984, the direction of 

ground-water flow in the upper 100 feet of the aquifer.is northwest as shown 

on Plate 6.6-1. The northwest direction of flow is consistent with regional 

flow data (Plate 6.3-3), and with data from the EPA/ERT study. The 

hydraulic gradient in the upper 100 feet of the aquifer is approximately 

0.0032 feet per foot. 

Estimated ground-water velocity in the upper 100 feet of the aquifer was 

calculated using the measured hydraulic gradient, hydraulic conductivity 

from aquifer tests, and estimated effective porosity as follows; 

Ground-water velocity (V) = Kl/n where: 

I = Ground-water gradient = 0.0032 f t / f t 
K = Hydraulic conductivity = 4.84 ft/day (see below) 
n = Effective porosity =0.20 

so that V = (4.84 ft/day)(0.0032 ft/ft)/0.20 
=0.08 ft/day 
= 29 feet per year 

Since the value is based on several variables, an estimated range of 

velocities would be from 20 to 100 feet per year. The value for K was 

calculated from the value for transmissivity (T) for the aquifer from 

aquifer tests (Table 6.6-2) by the relationship T = Kb, where b equals the 

saturated thickness of the aquifer. The thickness of the aquifer was 

estimated to 50 feet for the purposes of the calculations. As reported in 

Section 6.3, the actual aquifer thickness is much greater. By using an 
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aquifer thickness of 50 feet for the calculations, HLA assumes that the 

response of the aquifer to pumping was entirely from the upper 50 feet. 

Although the wells may actually be partially penetrating, standard aquifer 

test analyses were employed because the actual aquifer thickness is 

unknown. Changes in calculated aquifer parameters based on partial penetra

tion analyses would be minimal. The value for effective porosity was 

estimated from average porosities for sand aquifer material. 

It should also be noted that there is a small downward gradient present 

in on-site monitoring wells W-l and W-2. There is no such apparent dif

ference in W-3. The downward gradient is probably the result of recharge 

from the canal, higher horizontal than vertical hydraulic conductivities, 

from regional pumping, or from a combination of the above. 

6.6.2 Aquifer Parameters 

The aquifer parameters (Table 6.6-2) were determined during a series of 

aquifer tests conducted in most of the HLA-installed monitoring wells 

(Section 2.11.4). During the short-term aquifer tests, no attempt was made 

to monitor drawdown in any other wells. During the long-term aquifer test 

performed in W-7, water levels were monitored in W-2, W-3, W-4, and W-6. 

The drawdown data from these wells were inconclusive and insufficient for 

determining aquifer parameters including storage coefficients. Because of 

the distance between the wells, the time available for testing, and the fact 

that the aquifer is unconfined, no storage coefficient data were generated 

during this investigation. 
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A storage coefficient range from 0.0011 to 0.07 has been reported for 

tests conducted in nearby wells (HLA, 1985). However, the locations of the 

water table in coarse-grained sediments and the results of the aquifer tests 

indicate that the response to pumping is characteristic of a water table or 

unconfined aquifer. The storage coefficient under these conditions is also 

equivalent to specific yield. Based upon examination of aquifer materials 

from the upper 100 feet of the aquifer, the estimated range of the specific 

yield for these aquifer materials is 0.10 to 0.30. Although specific yield 

and effective porosity are not necessarily equivalent, specific yield 

generally provides a good estimate of effective porosity. Consequently, a 

value of 0.20 was used for effective porosity in the velocity calculations 

to provide a conservative velocity estimate. 

In general, the values for transmissivity are lower for the HLA tests 

than for tests conducted by others reported in the Background Report (HLA, 

1985). The reason for the discrepancy in the data is probably related to 

the small pumping rates and short duration of aquifer tests for the field 

investigation. The tested aquifer thickness for the HLA tests averaged less 

than 50 feet, while the tested aquifer thickness reported in the literature 

ranged from 73 to 400 feet. 

The values for transmissivity ranged from 2051 square feet per day 

2 2 2 (ft /day) to 25 ft /day for pump tests, and from 1.1 to 7.2 ft /day 

for slug tests. The specific capacity of the wells during the pump tests 

varied from 2.5 gallons per minute per foot of drawdown (gpm/ft) to 9.7 

gpm/ft. The geometric mean for transmissivity and the average specific 

2 
capacity were 242 ft /day and 5.85 gpm/ft, respectively. 
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6.6.3 Recharge and Discharge 

Ground-water discharge in the area occurs primarily by pun̂ age from 

water wells in the area. The water table aquifer under the Purity site is 

heavily used for public water supply by the cities of Fresno and Malaga, 

private idustrial facilities, and local residents (Plate 2.12-1). The 

aquifer is also tapped for irrigation by agricultural operations in the 

area. No other discharge than that to the many wells drawing water from the 

aquifer is known in the area (Plate 6.3-2). 

Ground-water recharge to the water table aquifer occurs through several 

mechanisms. Natural recharge occurs to the aquifer from the downward 

percolation of rainwater during the winter months. This form of recharge 

has been estimated at 5000 acre-feet per year over 30,000 acres (HLA, 

1985). Recharge also occurs from irrigation canal seepage and seepage from 

irrigated agricultural lands. The seepage has been documented both by the 

geophysical survey portion of the field investigation (Section 6.7) and by 

variations in water quality (Section 6.6.4). As a result of uncertainties 

in flow measurement of the canal caused by the weed-infested canal bed, no 

estimate of recharge based flow measurements is possible at this time. 

There is very little irrigated land upgradient and in the immediate vicinity 

of Purity, so the local impact of seepage from excess applied irrigation 

water is minimal. 

6.6.4 Ground-Water Quality 

The chemical quality of ground water at the Purity site was evaluated by 

collecting samples from private wells in the area, from soil borings drilled 

during the RI, from existing monitoring wells previously installed at the 
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site, and from wells installed during the RI. The samples were analyzed for 

all three levels of analyses. Levels A, B, and C. The results of all chemi

cal analyses are provided in Appendix E. Tables 6.6-3 through 6.6-6 and 

Plates 6.6-2 through 6.6-8 summarize and illustrate the results of chemical 

analyses for selected inorganic and organic parameters that are representa

tive of water quality at the Purity site. For comparison, Tables 6.6-7 and 

6.6-8 present drinking water quality standards and recommendations for 

inorganics and organics, respectively. The results of the ground-water 

sampling and analyses programs are presented below for inorganic and organic 

water quality. 

6.6.4.1 Inorganic Ground-Water (Quality 

Inorganic water quality was evaluated by first comparing the average 

results for each type of ground-water sanple with the water quality in the 

North Central Canal (Table 6.6-3). In general, the concentrations for 

inorganic parameters are highest in water samples from the borings, decrease 

in the monitoring wells, decrease further in the private wells, and are very 

low in the canal samples. The average sulfate concentration, for example, 

ranges from 983 ppm for the borings to 70 ppm for the monitoring wells to 22 

ppm for the private wells to 0.25 ppm for the canal. The low concentrations 

in the canal water have a pronounced dilution effect on shallow ground water 

north of the canal. 

The results of the Level C inorganic analyses are summarized in Table 

6.6-4 for two borings and for all monitoring and private wells. The data 

for the monitoring wells is presented for both samples analyzed for the same 
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parameters, where available. If two analyses are not presented for the 

Level C analyses, then two sets of analyses are available for the Level B 

analyses (Appendix E). 

When the data in Table 6.6-4 are compared with the Primary Drinking 

Water Standards (Table 6.6-7), the cadmium standard (0.01 mg/l) is exceeded 

in one of the two sanQ>les from monitoring wells W-4 and EPA-2, in seniles 

from two private wells (Wells C and D), and in the Malaga water sample 

collected from the tap in the Tall Trees Trailer Park. It must be pointed 

out, however, that the cadmium analyses were performed by ICPES (see Section 

3.0) and the standard is based on Atomic Adsoption analyses. It is also 

important to note that cadmium was not detected at elevated levels (near or 

above the TTLC - Table 6.5-10) in the subsurface soil samples so it is not 

likely that the Purity site is the source of cadmium in ground water. 

Nitrate was the only other primary standard that was exceeded and it was 

exceeded only in EPA-2. 

In general therefore, inorganic ground-water quality at and near the 

Purity site has apparently not been adversely affected by waste storage and 

disposal at Purity. This is best illustrated by the fact that lead, the 

primary metal contaminant in the subsurface soils, was not detected in 

ground-water samples from any monitoring wells at Purity except one of two 

samples from W-3d. Apparently, the very low soil pH did not result in 

increased mobility of lead in the subsurface. 

As previously mentioned, irrigation water in the North Central Canal is 

apparently seeping from the canal, through the subsurface soils at Purity, 
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and into the aquifer. The recharge to the shallow aquifer does not have an 

apparent effect on the water levels at the site (Plate 6.6-1), but does have 

an apparent effect on inorganic ground-water quality. Plates 6.6-2 and 

6.6-3 present the distribution of two inorganic parameters, hardness and 

chloride, in ground water at Purity. For both parameters, there is an area 

of decreasing concentration in the north central portion of the site. Canal 

water has an average hardness concentration of 12 mg/l. Downgradient from 

the canal, hardness decreases from over 500 mg/l to less than 200 mg/l 

(Plate 6.6-2). Chloride is present in canal water at an average concentra

tion of 0.7 mg/l. Downgradient from the canal, chloride is diluted from 75 

mg/l to less than 10 mg/l (Plate 6.6-3). It is unknown why the greatest 

amount of dilution occurs in the north-central area, but variations in the 

permeability of the canal bed sediments and areal variations in vertical 

soil permeability are two probable causes. 

6.6.4.2 Organic Ground-Water Quality 

The results of the Level B and C organic chemical analyses of ground

water sanples are summarized in Tables 6.6-5 and 6.6-6. These results are 

also presented on Plates 6.6-4 through 6.6-8. For comparison. Table 6.6-8 

presents the current drinking water standards, advisories, and other objec

tives for organic chemicals detected in ground water at Purity. 

The ground-water samples collected from all 7 deep borings were analyzed 

according to Level B (Table 6.6-5) and 2 deep borings (B-1 and B-2) were 

analyzed according to Level C (Table 6.6-6). Concentrations of compounds 

detected by the Level B analyses were generally an order of magnitude higher 
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for water samples from borings than for samples from the monitoring wells. 

Because the boring samples may represent desorption of chemicals from soils 

during sample collection, the boring data are only used qualitatively to 

compare the types of organic chemicals present in ground water. Conse

quently, no attempt has been made to ascribe areal pattems of ground-water 

quality based on data from the borings. 

A summary of the occurrence of organic compounds is as follows: 

Method 601: 18 chemicals detected; 8 only in borings, 4 only in 
wells (methylene chloride, chloroform, dibromochlormethane, and 
tetrachloroethene [PCEJ) and 6 in wells and borings (l.l-dichloro
ethane [IIDCA], trans-1,2-dichloroethene [tl2DCE], 1,2-dichloro
ethane [12DCA], 1,1,1-trichloroethane [TCA], trichloroethene [TCE], 
and 1,1,2,2-tetrachioroethane [1122TCA]) 

Method 602: 6 chemicals detected; 3 only in borings, 1 only in 
wells (benzene), and 2 in borings and wells (toluene and ethyl 
benzene) 

Method 624: 4 chemicals detected; 3 only in wells (benzene, IIDCE, 
and toluene), and 1 in borings and wells (tl2DCE) 

Method 625; 8 chemicals detected; 5 only in borings and 3 only in 
wells (three phthalate isomers) 

The distribution of organic chemicals in ground water is shown on Plates 

6.6-4 through 6.6-8. The plates illustrate the distibution of chemical 

oxygen demand (COD), total organic carbon (TOC), total concentration from 

EPA Method 601 and 602 analyses, total concentration from EPA Method 624 and 

625 analyses, and total concentration from the GC/MS characterization 

analyses. The total concentrations for each method have been presented 

because no single organic chemical appears to be an indicator of ground

water contamination at Purity. The plates also present the results of both 
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samples collected from each well. Because of the analytical schedules set 

forth in the contract many of the wells have NA (not analyzed) listed for 

one of the samples. This made it difficult to interpret the chemical data 

and as a result, the data have been contoured based on.the maximum concen

tration detected in each well. The distribution of organic chemicals in 

ground water as interpreted on the plates therefore represents the most 

conservative (highest concentration) distribution. 

For those wells that had two analyses performed, there are large 

discrepancies in detected concentrations in some wells, while there is good 

agreement in other wells. The reason(s) for these discrepancies is unknown 

and additional monitoring wells and further sampling and analyses on a 

regular basis is required to statistically verify ground-water quality (see 

Section 8 - Recoinmendations). 

Based on the interpreted contours, the following observations can be 

made for the parameters contoured: 

The Purity site appears to be a source of ground-water contamination. 

The lateral and vertical extent of contamination can not be fully 
determined based on the existing monitoring wells. 

The distribution of chemicals indicates that the site has two 
primary areas where chemicals apparently migrate away from the site 
in the highest concentrations- The areas coincide with the far 
westem end of the backyard (Pits 7b and 7c) and the westem end of 
the frontyard/eastem end of the backyard (Pits 1, 4, and 5). 

- The levels of priority pollutant chemicals as detected by 601, 602, 
624, and 625 analyses are low, less than 50 ppb. 

The levels of organic chemicals as detected by the GC/HS character
ization are high, greater than 7000 ppb. These concentrations are, 
in general, dominated by organic acids. 
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There appears to be either an upgradient source of ground-water 
contamination or an on-site source of ground-water contamination 
that is not apparent from airphoto interpretation of site history or 
the soil exploration program. The apparent result is the formation 
of a compound plume somewhere beneath the site. 

Private wells in the area do not appear to be impacted by site-related 

contamination. The only organic chemicals that occurred in private wells 

were phthalate isomers. Phthalates were not an extensively detected chemi

cal at Purity (one of two samples from W-6 had 12 yg/l detected in the 

sample) and phthalates have been shown to leach out of plastics in private 

well water supply systems. 

6.7 Geophysical Surveys 

6.7.1 Ground Penetrating Radar (GPR) 

A total of approximately 4375 linear feet of GPR data were collected 

during the survey (Plate 6.7-1). Wooden stakes surveyed-in by Wong Engi

neers, Inc. were used for control and the positioning of each GPR traverse. 

In general, the depth of investigation by the GPR system was limited to 

the upper 5 to 8 feet of material. It appears that the shallow penetration 

is the result of an underlying conductive layer which absorbs and attenuates 

radar frequencies. A composite and generalized vertical electrical sounding 

(VES) profile for the site shows a 40- to 44-foot section of relatively 

conductive material (apparent resistivity = 147 ohm-feet) roughly 2.5 feet 

below the surface (Plate 6.7-6). Borehole information indicates that this 

conductive layer contains the bulk of the waste material. It appears, 
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therefore, that we were only able to scan with GPR the upper few feet of 

soils down to the buried waste material. 

Subsurface features identified by the GPR are categorized as follows: 

1. Buried objects 

2. Possible buried pits/sumps 

These features are shown on Plate 6.7-1. 

Buried objects are common throughout the site (Plate 6.7-1). The 

objects range in size from a few inches to as large as 2 to 3 feet wide and 

are probably buried debris associated with constmction mbble. An example 

of interpreted subsurface objects on a GPR line is presented on Plate 

6.7-2. Buried objects appear concentrated in Area 7 along GPR Line 5, Pit 6 

along GPR Lines 1, 2, 19, and 21, and in Pit 3 along GPR Lines 13 and 14 

(Plate 6.7-1). 

Possible buried pits/sumps were identified based on dismpted/disturbed 

waste and chaotic reflectors which may represent backfill debris over or 

within the buried material. Possible buried pits/sumps were identified 

along every GPR traverse except Lines 11, 12, and 15, and Lines E, F, J, G, 

and H (Plate 6.7-1). 

These features correlate fairly well with disposal areas identified from 

earlier air photos and appear confined to within the boundaries of the 

disposal areas. Pit 4 appears to be the only area without any disturbance 

present within the upper 5 to 8 feet. Of particular interest is the con

tinuation of these features across Pits 7 and 6 (GPR Lines 3, 19, and 21) 

suggesting that the two areas were probably connected during the latter 

stages of disposal. 
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Several areas of disturbed/dismpted and chaotic reflectors are located 

in the northeastem section of the site (Plate 6.7-1). They are associated 

with areas of previous building facilities, do not correlate with disposal 

areas seen on air photographs, and are probably mbble associated with the 

demolition of the previously existing facilities. 

6.7.2 Electromagnetic Profiling 

Electromagnetic (EM) profiling along with the other electrical tech

niques measure the conductivity of the material beneath the ground surface 

of the site. In the absence of contaminants and metal objects, relatively 

uniform conductivities would be expected throughout the site. The presence 

of large amounts of contaminants, particularly ions associated with acids 

used by the recycling plant, will cause the conductivity of the material 

beneath the ground surface to increase. Past experience at other contami

nated sites has shown that silts and sands containing contaminants in con

centrations great enough to present health hazards generally have conduc

tivities greater than 30 mmho/ft. With some exceptions, areas where the 

measured ground conductivities exceed 30 mmho/ft can be expected to contain 

high concentrations of conductive contaminating material. 

There are some factors that will increase the measured ground conduc

tivity in areas where there are not high concentrations of conductive 

contaminants. Falsely high conductivities can be expected when measurements 

are made near large metal objects. However, the effect of these objects is 

limited to measurements made in their immediate vicinity and will have 

little effect on measurements made at distances exceeding 50 feet away. To 
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avoid misinterpretations from false readings, data collected and presented 

in Sections 6.1 through 6.6 were used to verify the EM results. It should 

also be noted the conductivity of the black tarry waste described on the 

boring logs varied widely. Because oil products are generally nonconduc-

tive, high conductivities associated with some of the tarry waste are 

probably due to the presence of acidic ions. The electromagnetic technique 

will only define regions beneath the site surface that contain high con

centrations of ions and not necessarily the tarry waste or other organic 

contaminants. However, high concentrations of organic nonconductive 

contaminants can be expected in areas containing large amounts of conductive 

contaminants. 

The electromagnetic data (Plates 6.7-3 and 6.7-4) indicate four areas of 

major conductive contamination. The contaminants in two of the areas appear 

to have reached the water table, about 40 to 50 feet below the site. Both 

these areas are defined by the vertical dipole EM data (Plate 6.7-4). The 

first area is located along the northeastem edge of the site and at the 

center of the front yard. It is outlined by the 30 and 37 mmho/ft contours, 

respectively. The following evidence supports the conclusion that this area 

is highly contaminated and the contaminants have reached the ground water. 

1. The conductive areas are present on the deeper penetrating EM 
contour map 

2. An organic chemical contamination plume based on water samples from 
monitoring wells was found immediately downgradient from the area 
defined by EM data (Section 6.6.4) 

3. Soil samples from boreholes B12 and B20 showed conductivities 
exceeding 1000 ymhos (roughly equal to 30 mmho/ft) as deep as 20 
and 50 feet, respectively (Plates A13 and A21) 
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4. Borehole B23 contained the deepest occurrence of organic chemical 
contamination for compounds exceeding 10,000 ppb (Section 6.4.2) 

5. Surface soil samples with pH values <5.0 and one sample with a pH 
value <2.0 were collected in the area (Plate 6.3-1) 

6. Historic evidence indicated a disposal pit in this area (Plate 
6.3-1). 

7. Downhole resistivities indicated the region around Borehole B20 was 
highly contaminated (Section 6.7.5). 

8. The thickness of the tarry waste exceeds 10 feet in this area 
(Section 6.4.2). 

The second area where contaminants appear to have reached the ground 

water is outlined by the 30 mmhos/ft contour at the westem edge of the 

site. The following information indicates this area contains high concen

trations of conductive contaminants and the contaminants have reached the 

ground water. 

1. The conductive area is present on the deeper penetrating EM contour 
map 

2. Based on water samples from monitoring wells, an organic chemical 
contamination plume was found immediately downgradient from the area 
defined by EM data (Section 6.6.4) 

3. Soil samples having high conductivity values and low pH values were 
obtained throughout the length of Boring B18 (Plate A19) 

4. Surface soil samples having pH values <5.0 and several with pH 
values <2.0 were found in the area (Plate 6.3-1) 

5. Air samples containing sulfur dioxide concentrations exceeding 0.10 
ppm were found in the area (Plate 6.1-2) 

6. The thickness of tarry waste exceeds 10 feet in this area (Section 
6.4.2) 

7. Historic evidence indicating a disposal pond in this area (Plate 
6.3-1) . 
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Geophysical data and data presented earlier in Section 6 together indi

cate these two areas contain the highest overall concentrations of conduc

tive contamination and that the contaminants have preached the ground-water 

table. 

The EM data indicated two other areas of contamination. The contami

nants in these areas appear not to have reached the ground water. The first 

of these is delineated on the vertical dipole EM contour map by the 30 

mmhos/ft contour adjacent the southem fence line (Plate 6.7-4). There is 

historic evidence of trenching in this area, but no other confirmation 

data. It is possible that this area is actually part of the contamination 

found to the west; more information would be needed to associate the two 

areas. 

The last area of major contamination found by the EM survey is delin

eated on the horizontal dipole EM contour map by the 30 mmhos/foot contour. 

The following evidence indicates this area to be highly contaminated but the 

contaminants have not yet reached the ground-water table. 

1. The area is only indicated by the shallower penetrating EM survey 

2. Surface soil samples having pH values <5.0 were collected in the 
area (Plate 6.3-1) 

3. Historic evidence of a disposal pond in this area (Plate 6.3-1) 

4. Water wells sampled off site roughly downgradient show no contamina
tion (Section 6.6.4) also indicating the conductive contaminants are 
only in the near-surface soils. 
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The EM data and the data provided earlier in Section 6 together indicate 

these two areas contain high concentrations of conductive contaminants above 

the water table. 

6.7.3 Self-Potential Survey 

Plate 6.7-5 shows the self-potential (SP) contours at the Purity site. 

The contours mn roughly parallel to the canal. In general, the SP values 

are more positive along the northem side of the canal. Because SP usually 

becomes more positive in the direction of ground-water migration, the SP 

data are interpreted to indicate that water is seeping from the canal and 

migrating in a northerly direction. The absence of contaminants in the 

North Central Canal water (Section 6.2.2), the direction of ground-water 

flow (Section 6.6.1), and the locations of two organic chemical contamina

tion plumes, along with the SP data indicate that contaminants are not 

migrating toward the North Central Canal. The SP data also indicate a 

larger volume of water may be seeping from the North Central Canal at the 

west end of the site, in the region where EH data indicate deep contamina

tion. Such seepage may be increasing the migration of the organic chemical 

contamination plume at the northwestem edge of the site by providing a 

local source of recharge. The negative anomaly at the southwest comer 

(Plate 6.7-5) is near where historical data show trenching and a waste pond, 

and where EH data indicates a contamination zone. Surface sulfur dioxide 

concentrations ranging from 0.03 to greater than 0.10 ppm are also found in 

the region of the negative SP anomaly (Plate 6.7-5). These data indicate 

the southwestem edge of the site adjacent the North Central Canal where the 

6-57 



Harding Lawson Associates 

canal bends back towards the north may contain high concentrations of ionic 

contamination. 

6.7.4 V e r t i c a l E l e c t r i c Soundings 

Plate 6.7-6 shows the results of the three VES soundings (Schlumberger 

array). The results of the f i r s t sounding are considered v a l i d . The deeper 

section (greater electrode spacing) of the second sounding and the shallower 

section (closer electrode spacing) of the t h i r d sounding show scatter i n the 

data, probably caused by poor contact between the ground and current elec

trodes due to r e s i s t i v e near-surface buried debris. Comparing the second 

and t h i r d soundings with the f i r s t , i t appears that the f i r s t eight points 

of the second and the la s t seven points of the t h i r d are representative 

values. Using these points together with the data from the f i r s t sounding, 

a composite sounding was formed. This sounding was used to determine the 

r e s i s t i v i t y and layering of the ground below the Pu r i t y s i t e . 

Table 6.7-1 and Plate 6.7-6 give the re s u l t s of the VES soundings 

performed at the Puri t y s i t e . 

Table 6.7-1. Results of VES Soundings 

Acceptable Range Probable Possible Depth Probable 
R e s i s t i v i t y i n R e s i s t i v i t y Thickness Range Depth 

Layer (ohm-feet) (ohm-feet) (feet) (feet) (feet) 

1 431 - 2.5 - 2,5 
2 147 154 to 139 39.4 40 - 44 42 
3 654 569 to 1594 56.7 66 - 107 99 
4 113 , 95 to 119 - - 150 
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The data indicate four layers occurring within the first 100 to 150 feet 

beneath the Purity site. The first is a 2.5-foot-thick resistive layer 

probably composed of compacted dry surface soils. The second layer is less 

resistive and averages 40 feet in thickness. The third layer averages 57 

feet in thickness and is approximately 4.5 times as resistive as the second 

layer and 1.5 times as resistive as the first layer; this layer may be 

uncontaminated material below the Purity site. The final layer, with a 

resistivity of 113 ohm-feet, may have higher clay content or higher pore-

water salinity than the overlying layer. In general, clay resistivities 

tend to vary from 10 to 100 ohm-feet. A VES sounding with increased spacing 

would be required to better define the final layer. 

Data thus far collected indicate the second resistivity layer contains 

the bulk of the contaminants. Past experience has shown that when silts and 

sands contain conductive contaminants in high concentrations, the soil 

resistivity is typically less than 90 ohm-ft and commonly less than 60 

ohm-ft. The resistivity of the second layer, 147 ohm-ft, indicates that 

high concentrations of conductive contaminants are at specific locations 

beneath the ground surface, such as the areas indicated by the EM data, 

rather than spread uniformly beneath the site surface. 

The third layer coincides with the ground-water table and is relatively 

resistive indicating the ground water beneath the site does not uniformly 

contain high concentrations of conductive contaminants. The primary concem 

for ground-water contamination appears to be the two areas of conductive 

material indicated by EM data adjacent to the two organic chemical con

tamination plunes (Section 6.6.4). 
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6.7.5 Downhole and Cross-Hole Resistivity Soundings 

Downhole apparent resistivity measurements were made in six boreholes at 

the Purity site. When the borehole electrodes are connected to form a 

Wenner array, a known current is transmitted between two outer electrodes 

and voltage is measured between two inner electrodes. The current and 

voltage measurements are related to apparent resistivity by: 

Pa = 4ira AV/I 

where: 

Pa = apparent resistivity 
a = electrode spacing 
V = voltage 
1 = current 

Table 6.7-2 and Plate 6.7-7 illustrate the apparent resistivity values 

obtained from the downhole survey, along with the average value for each 

borehole. The apparent resistivity values range from 58 to 378 ohm-feet and 

the averages range from 68 to 291 ohm-feet. Note the resistivity values 

apply to areas of soil adjacent the borehole both above and below the depth 

where the values are tabulated (see Section 2.13.5). The average for all 

values, 166 ohm-feet, agrees well with the values for layer 2 determined 

from the composite VES sounding and indicates that contamination is 

generally confined to the upper 50 feet of soil. 

Resistivity values indicating high concentrations of conductive con

taminants were found in Borings B20 and B3. Boring B20 contained the lowest 

resistivity values measured in the boreholes and is the only boring 
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where the average resistivity was below 90 ohm-ft, our indicator of high 

concentrations of conductive contaminants. The boring log of B20 

(Plate A21) indicates contaminants at 50 feet, the deepest directly measured 

occurrence of contamination at the Purity site. Resistivities less than 

90 ohm-ft were also measured near the surface and at the base of Boring B3. 

B3 also showed the deepest occurrence of contamination exceeding 1000 ppb 

(Section 6.4.2) and there is historic evidence of a waste pond at this 

location. 

Table 6.7-2. Downhole Resistivity Data (ohm-ft) 

Electrode 

Depth Borehole 
(feet) B4_ B3_ B5_ B2_ B6_ B20 

10 

20 

30 

40 

222 83 261 158 93 

156 233 137 118 79 

154 136 378 226 110 58 

57 

Average 
Pa 188 108 291 174 107 68 

Cross-hole apparent resistivities were measured between the six bore

holes used in the downhole measurements (see Plate 6.7-7). After the 

electrodes at the selected depth from each of the boreholes were connected 

to form an approximate Wenner array, current was transmitted between the two 
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outer borehole electrodes and the voltage was measured between the two inner 

borehole electrodes. The relationship between the current voltage and 

apparent resistivity is: 

P» = 2ir — 
a I (1/r^ - l/r2) - (l/r^ - 1/r^) 

where 

Pa = apparent resistivity 
V = voltage between inner electrodes 
I = current between outer electrodes 
r = distance between boreholes 

Table 6.7-3 lists and Plate 6.7-7 illustrates the apparent resistivities 

measured between boreholes at the Purity site and the average value obtained 

for each borehole array. It should be kept in mind that each cross-hole 

resistivity value applies to a large area of soil lying between the two 

outer electrodes of the array used during the measurement (see section 

2.13.5). The values range from 91 to 247 ohm-feet and average 155 ohm-

feet. The apparent resistivity values decline with depth, which may be due 

to the presence of the ground surface. The air above the ground surface can 

be considered as a infinitely resistive layer and will tend to increase the 

resistivity of two shallowest cross-hole resistivity readings. The cross-

hole resistivities are generally greater than 90 ohm-ft indicating that 

large concentrations of conductive contaminants are not occurring uniformly 

beneath the ground surface at the site. A resistivity value less than 90 

ohm-ft was measured at the bottom of the second array (Plates 2.13-5 
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and 6.7-7) indicating the ground at the eastem area of the backyard may 

contain higher concentrations of conductive contaminants than the central 

area of the backyard in the region of the third cross-hole array. There was 

also a greater occurrence of surface soil contamination (Plate 6.3-1) in the 

eastem end of the backyard than in the west central area of the backyard. 

These and the EH data indicate the concentrations of contaminants in the 

backyard are greatest at the westem and eastem ends and less in the west 

central area. 

Table 6.7-3. Cross-Hole Resistivity Data (ohm-ft) 

Depth Borehole Arrays 

(feet) Array 1 Array 2 Array 3 

0 247 178 218 

10 238 172 196 

20 198 129 147 

30 ~ 91 109 

40 111 84 107 

Average 
Pa 180 131 155 

6.7.6 Summary of Geophysical Data 

Plate 6.7-8 summarizes the results of the geophysical findings at the 

Purity site. Regions where geophysical data indicated high concentrations 

of conductive contaminants are outlined on a site map. Cross hatching 

indicates regions where geophysical data together with data presented 
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earlier in Section 6 indicate contaminants have migrated to the ground-water 

table. Stippled areas indicate regions where geophysical data together with 

data presented earlier in Section 6 indicate high concentrations of con

taminants above the ground-water table. Areas outlined on Plate 6.7-8 are 

regions where the overall concentration of conductive contaminants was great 

enough to be detected by geophysical techniques. Geophysical techniques 

cannot detect small regions of contaminated material that are likely present 

throughout the site, nor do geophysical techniques detect nonconductive 

contaminants. Also, geophysical techniques cannot determine if the concen

trations of contaminants in regions outlined on Plate 6.7-8 have exceeded 

federal, state, or local standards. However, nonconductive contaminants are 

usually found with the conductive contaminants and the regions shown on 

Plate 6.7-8, particularly the two regions showing deeper contamination, 

present likely sources for ground-water contamination and should be care

fully considered when planning remedial action. 
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7.0 SUMMARY AND CONCLUSIONS 

Summary comments and conclusions for the various aspects of the Purity 

Remedial Investigation are given below. Summaries and conclusions are 

organized by field task. 

7.1 Sampling Program Summary 

The sampling programs for the site investigation comprised surface soil, 

canal sediment, subsurface soil/waste, canal water, ground water, and vola

tile hydrocarbon gas. A summary by type of the total samples collected for 

the investigation is as follows: 

Sample Type Number of Samples 

Surface Soil 201 
Canal Sediment 20 
Subsurface Soil/Waste 205 
Canal Water 19 
Ground Water 37 
Gas _!£ 
Total 501 

7.2 Analytical Program 

The samples collected during the field investigation were screened and 

analyzed using a multilevel analytical program. All samples were screened 

in the first stage using Level A procedures. These data were used, along 

with field observations, to help select samples for the second (intermediate 

- Level B) and third (extensive - Level C) levels of analyses. A summary of 

analyses performed at each level is given below; 
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Number of Samples 

Level A 

Level B 

Level C 

A l l Samples 501 

Surface S o i l 64 
Canal Sediment 17 
Subsurface Soil/Waste 112 
Canal Water 19 
Ground Water 14 

Total Samples 227 

Surface S o i l 9 
Canal Sediment 7 
Subsurface Soil/Waste 34 
Canal Water 18 
Ground Water 19 
Gas 19 

Total Samples 106 

7 .3 Site Safety Program 

A site safety program was implemented governing a l l on-site work activ

i t i e s . The program was documented in a site-specific safety plan. The 

program included employee training and i n - f i e l d safety instmction and was 

enforced by the on-site safety officer. 

The f i e l d investigation was conducted with only two minor injuries to 

workers. Considering the potential hazards present (e.g., hazardous mate

r i a l s , elevated ambient temperatures, drilling/trenching operations) and the 

minor injuries sustained, the safety program was implemented successfully. 
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7.4 A i r (Quality 

The objectives of the air quality program were; 1) to evaluate the 

present impact of the Purity site on air quality, 2) to assess the emissions 

that may occur if excavation or similar activities are.undertaken during 

implementation of remedial measures, and 3) to ensure adequate protection 

from emissions for both on-site personnel and the population in the sur

rounding area. 

7.4.1 Present Air (Quality Impacts 

The surface (concentration) survey conducted across the site at 138 

gridpoint locations indicated that 17 locations (12 percent of the gridpoint 

locations) met the "hot-spot" criteria. These locations had concentration 

values over three times upwind baseline levels for SO2 and THC. These 

gridpoints are located in or near Pits 1, 5, 6, and 7. Using these data and 

random selection criteria, 23 surface emission rate measurements were per

formed. Six locations tested showed SÔ  and THC emission rates above 

baseline levels. These gridpoints are located in or near Pits 2 through 6. 

Although the uncertainty associated with these data may be greater than 

+50 percent, the data can be used to estimate emission rates from the undis

turbed surface of the site. For instance, if an exposed waste surface area 

2 

of 25,000 ft is assumed, a daily emissions rate of 2.5 kg of THC and 0.16 

kg of SÔ  could be possible. These data indicate that the site has the 

potential for affecting air quality downwind and that odor complaints 

received from nearby residents are probably related to low levels of gas 

emissions or volatilization of hydrocarbon species from the waste material. 
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Gas emissions were also observed in areas without exposed waste materials, 

indicating migration of gas species through f i l l materials to the surface. 

Air canister grab samples collected during surface emissions measure

ments contained from 0.69 to 6.1 ppmv-c total nonmethane hydrocarbons 

(TNMHC). Total aromatics were the dominant species class and comprised 52 

to 77 percent THHHC. Paraffins were the second dominant species class, 

comprising 13 to 32 percent THHHC. The dominant species per species class 

were: total aromatics (p-xylene/m-xylene/o-xylene, ethylbenzene); paraffins 

(C-2 and C-3 VOCs); total oxygenated hydrocarbons (butyraldehyde, acetone, 

olefins (cyclohexane)); and total halogenated hydrocarbons (methylene 

chloride). 

7.4.2 Disturbed Site Impacts 

Disturbed site air emissions were measured using the enclosure sampling 

approach in three trenches on site (Pits 6, 4, and 7d) and at six boring 

sites (the front yard and Pits 4, 5, 6, and 7). These data provided depth-

discrete gas emission rate information that is useful in determining the 

waste depth per pit and in quantitating the air contamination potential of 

the waste material. 

Downhole emission measurements were performed on six borings. THC (as 

methane) steady-state emission rates ranged from 710 to >2,400,000 

2 -1 
yg/m -min . THC (as benzene) steady-state emission rates ranged from 

2 -1 
120 to >2,300,000 yg/m -mm . Sulfur dioxide (SO2) steady-state 

2 -1 

emission rates ranged from 19 yg/m -min (baseline) to 2,700,000 

2 -1 
yg/m -min . In general, the emission rates increased to the bottom 
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of the waste body or into the soil directly below the waste, and then 

decreased with increasing depth. 

Boring B-1 (front yard) had the lowest overall emission rates: low THC 

(as methane), lowest THC (as benzene), and no measureable SÔ  emissions. 

Boring B-5 (Pit 6) had the highest overall emission rates: high THC (as 

methane and as benzene) and highest SO2. Boring B-6 (Pit 4) also had high 

overall emission rates. Borings B-2 (Pit 2) and B-3 (Pit 7) had com

paratively low overall emission rates. 

Air (gas) canisters collected for each boring contained from 173 ppmv-c 

TNMHC (Boring B-3, Pit 7) to 4350 ppm-v TNMHC (Boring B-5, Pit 6). Paraffins 

were the dominant species class and ranged from 25 to 76 percent TNMHC. 

Olefins and total aromatics were significant species classes in the majority 

of borings. For paraffins, olefins, and total halogenated hydrocarbon 

species classes, no individual species was dominant. For total aromatics, 

1,3,5-trimethylbenzene and p-xylene/m-xylene were dominant species. For 

total oxygenated hydrocarbons, hexanal was a dominant species. 

These data indicate that volatile emissions are pit- and depth-specific 

and that a variety of waste materials with differing emissions characteris

tics are found on site. Gas emissions generally increase with depth in the 

pits to just below the extent of the waste material, indicating an increased 

need for VOC control with depth if these materials are disturbed (e.g., by 

excavation). 

Three exploratory trenches were excavated and five foams were tested for 

use in volatile and particulate matter emissions control. In general, 1) 
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the trenches were nonhomogenous, 2) the percent coverage and thickness of 

the foam barriers varied, and 3) some of the foam barriers in some tests 

deteriorated significantly during the time required to make the emissions 

measurement. Emissions from the trenches were one or more orders of 

magnitude higher than for undisturbed surfaces at the site. The uncon

trolled emissions varied from trench to trench and within each trench. 

Basically, the foams had varying VOC/SÔ  emission control effectiveness in 

the three pits, but the highest average VOC/SÔ  control was demonstrated 

by FC 600 temporary foam for up to 20 minutes of control (64 percent) and 

Sanifoam for 1- to 24-hour control (69 percent). These data suggest that 

emission control during waste disturbance activities can be achieved using 

commercially available emission control technologies. Use of these foams, 

coupled with other appropriate technologies (e.g., dispersion fans) and 

ambient monitoring, can provide a significant degree of protection for the 

public and maintain the local air quality during remedial activities 

involving waste disturbance. 

7.4.3 Public/Worker Protection 

Public and worker protection during waste disturbance activities was 

maintained by conducting on-site and downwind monitoring for THC and SÔ . 

On-site monitoring ensured that workplace gas concentrations stayed below 

respirator levels and served as a first alert for elevated emissions at the 

nearest downwind border. 

Downwind monitoring stations were located approximately 50 meters down

wind from all site disturbances. Level 1 concentrations (<1 ppmv THC as 
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benzene, <0.1 ppmv SO2), which required no emission control action, were 

almost always observed. Level 2 concentrations (1-10 ppm THC as benzene, 

0.1 to 0.5 ppm SO2) were observed only during trenching. Covering the 

excavated waste effectively controlled elevated emissions during trenching. 

Level 3 concentrations (>10 ppm THC as benzene, >0.5 ppm SO2), which would 

have required immediate cessation of site disturbance, did not occur. 

7.4.4 Meteorological Conditions 

Heteorological monitoring provided documentation of meteorological 

conditions during site activities. These data helped protect the public by 

providing information on wind direction and atmospheric dispersion condi

tions. Heteorological conditions during the site investigation were 

dominated by high ambient temperatures. Twenty-four-hour mean temperatures 

ranged from mid-80" to 90"F. Daily high temperatures greater than 100"F 

were observed 25 percent of the time. The high temperature was 106.4"F, and 

a high temperature greater than 99"F was recorded on 22 consecutive days. 

The dominant wind direction was from the west. Twenty-four hour mean wind 

speeds were 5 to 6 mph with peak wind speeds of 9 to 12 mph. 

7.5 North Central Canal 

Sampling in the North Central Canal quantified low levels of contamina

tion in the canal sediments and water. Water quality was found to be 

excellent for inorganic ions and low levels of contamination were detected 

for organic parameters. Freon 11 was quantified in all canal water seniles 

and is not attributable to an on-site source. Phthalates were quantified in 

one of three downstream samples. The source of the phthalates is not known. 
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Sediment contamination in the canal was minor in comparison with what 

was detected in subsurface soils at the Purity site. The distribution of 

contamination indicated that the sources of contamination material are 

localized and do not increase with increasing downstream distance. The 

levels of sediment contamination do not exceed any Califomia TTLC values. 

Based on the results from the geophysical SP survey, irrigation water from 

canal is seeping through the canal bed sediments into unsaturated zone 

beneath the Purity site. The data from the SP survey are supported by 

apparent dilution of ground-water quality downgradient from the canal. 

7.6 Geology 

The Purity site and nearby areas are underlain by unconsolidated 

alluvial sediments ranging from silts and clays to sands and gravels. A 

caliche zone is present beneath the site that appears to be laterally exten

sive at an elevation range of approximately 275 to 278 feet above Hean Sea 

Level. Also, broad groups of sand and silt appear to be laterally con

tinuous and relatively flat lying. There do not appear to be any thick, 

continuous clay layers that might act as confining bed(s) down to the 

exploration depth of 105 feet. It appears that all stratigraphic units 

within the investigation area are in hydraulic connection. 
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7.7 Surface Soil Contamination 

Surface soil samples were found to be contaminated in numerous areas. 

Using pH as a general indicator, it was found that many isolated areas have 

pH values <2.0 and that gross contamination of surface soils was pre

dominant at the far westem end of the backyard and at the westem end of 

the frontyard where the tanks are s t i l l present. Lead was found to be the 

major metal contaminant of concem. Lead was detected in percentage concen

trations in several samples collected from surface seeps of oily/tarry 

material. 

Organic chemicals were also found to be a major contaminant of surface 

soils at the Purity site. A total of 39 compounds were detected in the soil 

samples, with ethylbenzene, xylene, and toluene as the predominant chemi

cals. The greatest contamination was quantified in the far westem end of 

the site. 

7.8 Subsurface Soil Contamination 

Subsurface soils were found to be highly contaminated beneath the Purity 

site, and hazardous waste was identified in many of the borings. Using pH, 

geological variations. Level A volatiles, oil and grease, downhole flux 

chamber data, and organic chemical analyses, the depth of f i l l material, 

highly contaminated and contaminated soil has been estimated. In general, 

the depth of f i l l varies from 0 to 7.5 feet, the thickness of highly con

taminated soil varies from 1 to 15 feet, and soil contamination varies from 

the ground surface down to the water table. 
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It was also determined that the migration of contamination does not 

always follow a linear decline with depth. The contaminants appear to 

migrate downward in soils with increased permeability and migrate laterally 

in soils having decreased permeability. Several thin clay and caliche 

layers present in the subsurface influence lateral migration pattems. 

The data on soil contamination has been summarized for each pit at the 

Purity site in Table 7.8-1. The table presents the maximum detected con

centrations for selected inorganics, organics, and subsurface emissions for 

each pit or frontyard area. Based on the cross sections in Section 6.5, the 

estimated volumes of f i l l , highly contaminated soil, contaminated soil, and 

soil down to the base of the caliche layer have been tabulated in Table 

7.8-2. Therefore, the data from 7,8-1 for the worst-case contamination can 

be combined with the data in the cross sections and in Table 7.8-2 to esti

mate the subsurface conditions that might be encountered during remedial 

actions at the Purity site. Because of the nature of the facilities when 

Purity was in operation, additional subsurface contamination may be encoun

tered in the frontyard during remedial activities that was not detected 

during the RI because of limitations in the original contract scope of work. 

7.9 Hydrogeology 

The aquifer under the Purity site is unconfined and comprises pre

dominantly sandy aquifer material. Ground-water within the aquifer flows 

northwest under a gradient of approximately 0.0032 ft/ft at an estimated 
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velocity of 20 to 100 feet per year. No extensive confining layers are 

present in the alluvial aquifer down to the exploration depth of 105 feet. 

Inorganic water quality in the aquifer, as detected in samples from both 

private wells and monitoring wells, is good. Apparently, inorganic water 

quality has not been impacted by the Purity site. Low levels of organic 

chemical contamination by phthalates were detected in private wells. How

ever, phthalates can be leached from plastic products and may have 

originated from well and piping materials rather than from ground-water 

contamination. Local ground-water quality is also influenced by dilution of 

inorganic parameters from canal water seepage. The seepage is concentrated 

in the north-central area of the site. 

Extensive ground-water contamination was documented in the monitoring 

well network installed for the Purity investigation. The contamination 

stems from the migration of organic chemicals from the Purity site into the 

ground-water regime. The contaminants include numerous priority pollutants 

quantified in the parts per billion (ppb) range and additional nonprlorlty 

pollutant organics in both the ppb and parts per million range. 

The distribution of organic chemicals in the ground-water system indi

cates that there are two plumes migrating away from the Purity site, one 

from the far westem end of the site apparently associated with Pit 7 and 

the other from the north-central portion of the site apparently associated 

with Pits 1, 4, 5, and 6. There is also a potential up-gradient source of 

contamination, as indicated by the from EPA-2 (the only up-gradient monitor

ing well). 
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Using conductivity and resistivity geophysical data as indicators of 

contamination, two areas of subsurface contamination were indicated. At the 

westem end of the site, the area indicated as being a source of ground

water contamination correlates well with the westem plume noted above. At 

the eastem end of the site, the geophysical data also correlate well with 

the plume of contaminated ground water. The geophysical data also indicate 

the refinery facilities areas in the frontyard may be contributors to 

ground-water contamination. 

The lateral and vertical distribution of ground-water contamination is 

unknown. Because the RI ground-water characterization is limited by the 

scope of work in the original contract, and because the extent of ground

water contamination is unknown, HLA's recommendations are presented in 

Section 8. 
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8.0 RECOHHENDATIONS 

Based on the results of chemical analyses of ground-water samples 

collected from the existing monitoring well network, additional monitoring 

wells are needed for the Purity site. The wells should be installed in two 

areas as documented by HLA in our letters dated January 29 and Febmary 22, 

1985. The first wells should be installed to evaluate the potential 

upgradient source of contamination. The second set of wells should be 

installed to evaluate the lateral and vertical migration of contamination 

downgradient from the Purity site. 

The first set of wells should include the installation of three monitor

ing wells on the upgradient perimeter of the site. The wells should be 

installed to a depth of approximately 100 feet to be comparable to the 

existing wells. Also, the collection of a complete set of ground-water 

samples should be performed. The ground-water samples should be used to 

begin to establish a statistically valid set of chemical data for the Purity 

site so that any remedial altematives can be fully supported. 

The second set of monitoring wells should include the installation of 

seven wells. Five of the wells should be installed to a depth of 100 feet, 

and the other wells should be installed to depths of approximately 350 and 

500 feet so that the vertical migration of contaminants can be evaluated. 

After installation of the second set of wells, another set of ground-water 

seniles should be collected. 
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Harding Lawson Associates 

We also recommend the abandonment of the three nonfunctional monitoring 

wells and one old irrigation well. Two of the wells have obstmctions above 

the water table; the third has been completed below grade with no cap and is 

located less than 20 feet fromm surface seeps of waste having a pH of 1.0; 

and the irrigation well is now an open sump less than 10 feet from similar 

surface seeps. This recommendation was also originally included in our 

letter dated January 29, 1985. 

8-2 



Harding Lawson Associates 

REFERENCES 

Black, C. A. (ed.), 1965, "Hethods of Soil Analysis Chemical and Hicrobio-
logical Properties," American Society of Agronomy, Hadison, Wisconsin, 1965. 

Fitchett, A. W., 1981, "Analysis of Rain by Ion Chromatography," ASTM Special 
Publication 823, PCN 04-823000-17, Philadelphia, Pennsylvania, October. 

Hillman et al., 1968, "Methods Manual for the National Surface Water Survey 
Project - Phase I," Contract No. 68-03-3050, U.S. EPA Environmental Monitor
ing Systems Laboratory, Las Vegas, Nevada. 

HLA, 1985, Background Study for the Purity Oil Sales Site Investigation, 
Fresno County, Califomia, Harding Lawson Associates, 1985. 

Hvorslev, M. J., 1951, Time Lag and Soil Permeability in Ground Water Obser
vations, U.S. Army Corps of Engineers Waterways Experiment Station Bulletin 
36, Vicksburg, Mississippi. 

Lohman, S. W. , 1972, Ground Water Hydraulics, U.S. Geological Survey 
Professional Paper 709. 

Plumb, Jr., R. H., "Procedures for Handling and Chemical Analysis of Sedi
ment and Water Samples," U.S. EPA/Corps of Engineers Technical Committee on 
Criteria for Dredged and F i l l Material, EPA Contract-48-05572010, Environ
mental Laboratory, Vicksburg, Mississippi, May. 

Radian Corporation, 1984, (Quality Assurance Project Plan for the Purity Site 
Investigation - Fresno, Califomia, Prepared for Harding Lawson Associates, 
Califomia Department of Health Services, Toxic Substances Control Division, 
Sacramento, June 14. 

U.S. EPA, 1980, "Collection and Analysis of Non-methane Hydrocarbon Data 
from Upwind Ozone Monitoring Sites for Louisville," final report, EPA 
Contract No. 68-02-3513, Austin, Texas, Radian Corporation, December 1980, 
EPA Document No. 904/9-80-005. 

U.S. EPA, 1982, Test Hethods for Evaluating Solid Waste, Physical/Chemical 
Hethods, Office of Solid Waste and Emergency Response, Washington, D.C, 
July 1982, SW-846, 2nd edition. 



in 
tt 

a 
u 
o 
IA 
Itl 

C 
o 
in 

i 
n 
J 
Ol 
c 
IS 
Z 

t/l 

• J 

9 



Table 2.4-1. Monitoring Well Reference Elevations 
(feet aboue Mean Sea Level) 

kle 11 I.D. Ground Surface Top—of-Casing 

W-ls 293.09 293.99 
W-ld 294.05 

W-23 295.97 296.75 
W-2d 296.75 

W-3s 295.98 296.68 
W-3d 296.70 

W-4 290.12 291.00 
W-5 290,06 290.87 
W-6 288.48 289.53 
W-7 289. 18 289.98 
W-8 288.68 289.80 
W-9 288.76 289.77 

EPft-1 290.26 290.50 
EPA-2 290.99 291.36 
EPA-4 289.73 290.63 
EPA-7 288.13 289.33 



TABLE 2.6-1. 

DESCRIPTION OF PORTABLE SOg AND THC* ANALYZERS 

SO, SO, THC THC THC 

Manufacturer 
Model 
Technique 

Se n s i t i v i t y 
Response Time 
Range (ppmv) 

(sec) 

Power Supply 
Service L i f e 
(continuous use/ 
charge) (hour) 
Weight (lb) 

Calibration Gas^ 

Ecolyzer 
2000 
Electro
chemical 
C e l l 
10 ppbv 
90 
0-1 
0-10 
0-50 
DC 

8 
8 

SO, 

InterScan 
1240 
Electro
chemical 
C e l l 
0.05 ppmv 
<5 
0-100 
0-1000 
0-5000 
DC 

8 
5 

SO2 i n A i r 

AID 
580 
Photoion
i z a t i o n 

0.1 ppmv 
<5 
0-200 

DC 

8 
8.2 

Benzene 
i n A i r 

HNU 
PI 101 
Photoion
i z a t i o n 

0.1 ppmv 
5 
0.1-2000 

DC 

10 
8 

Benzene 
i n A i r 

Century System 
OVA-18 
GC/FID 

1 ppmv (methane) 
2 
1-10.000 
1-100.000 
logarithmic 
DC 

8 
14 

Methane 
i n A i r 

*THC - Total Hydrocarbons 
^ - Calibration gases selected as representative tracer species that i s a stable standard at 

concentrations required for f u l l or upscale instrument c a l i b r a t i o n . 



Table 2.12-1. List of Private Hells Sa îled 

Uell I.D. in 
Background 
Report Naae of Otmer Mdress 

A Coast Laboratory 3386 S. Maple Avenue 
B Fresno Iron I Hetal 3270 S. Golden State Blvd. 
C Burkhardt Trailer 3183 S. Golden State Blvd. 
D Nelson Sign Service 3147 S. Golden State Blvd. 
F DiSalvo Trucking 2076 E. Muscat 
I West lands Cheaical Co. 3299 S. Cedar 
L Mountain Express 3251 S. Cedar 
0 Truck Dispatch Service 2055 North Avenue 
P Sierra Nevada Trailers 3014 S. Cedar 
V Master Fence Fittings 3050 S. Cedar 
X Vangas 3363 S. Golden State Blvd. 
f private uell 3341 S. Maple Avenue 

Notes: The location of all private Nells in the area is 
shotm on Figure 13 in the Background Report (HA, 1985). 

The location of the Nells listed above is stKMn on Plate 2.12-1. 

t This Nell is not listed in the Background Report. 



TABLE 2.1A-1. 

SAMPLE HANDLING AND PRESERVATION FOR LIQUID SAMPLES 

A n a l y t i c a l Parameter Sample Containey' Preservation 

V o l a t i l e Halogenated Compounds 
(EPA 601) 

V o l a t i l e Aromatic Compounds 
(EPA 602) 

V o l a t i l e Organic Compounds^ 
(EPA 624) 

Extractable Organic Compounds 
(EPA 625) 

Metals 

TOC/Phenolics 

Chemical Oxygen Demand (COD) 

S=/S03~ 

Acidity/Hardness 

TDS 

F-. C l " , NO3", 50^= 

AO-ml VOA glass b o t t l e 

AO-ml VOA glass bottle 

40-ml VOA glass b o t t l e 

32-oz amber glass b o t t l e 

250-ml p l a s t i c b o t t l e 

16-oz amber glass b o t t l e 

40-ml VOA glass b o t t l e 

AO-ml VOA glass b o t t l e 

250-ml p l a s t i c b o t t l e 

250-ml p l a s t i c b o t t l e 

250-ml p l a s t i c b o t t l e 

4° C 

4° C 

A° C 

4° C 

Filter/HNOg 

H2SO4 

4° C 

Zinc acetate 

4° C 

4° C 

4° C 

A l l containers had tef l o n - l i n e d screw caps. 

•"Two AO-ml VOA s p l i t s were collected. 



TABLE 3.1-1 

ANALYTICAL PARAMETERS FOR THREE-LEVEL ANALYSES OF/SOLID. LIQUID. AND AIR SAMPLES COLLECTED DURING PHASE I 

Level A - Screening Level B - Intermediate Level C - Extensive 
Matrix Site Activities Parameters Parameters Parameters 

Wastes and Shallow Boring pH, conductivity. Oil & Grease, Pb, Phenols, Acidity, SÔ "̂, SOg", S~, 
Volatile/Semivolatile Contaminated Deep Boring selected v o l a t i l e Ultimate: %C, H, S. N, 0, 
Acidity, SÔ "̂, SOg", S~, 
Volatile/Semivolatile 

Soils Surface Soils species ash, moisture Priority L i s t : 
(Front Yard) Proximate: vo l a t i l e matter, 

fixed carbon, BTU 

S0̂ = 

- priority pollutants 
- target S-organics 
- other target compounds 
10 major non-listed volatiles 
20 major non-listed semivolatiles 
tetraethyl lead. 
Priority Pollutant Metals: Ag, 
As, Be. Cd. Cr, Cu, Hg, Ni, Pb, 
Sb, Se. T l . Zn 

Noncontaminated Surface Soils pH, conductivity. ICPES Metals; As, Cr, Cu. 
Soil (Debris Areas) selected volatile Pb, Zn, Cd, Sb, Ba, Be, Co, 

Surface Soils species Mo, Ni, Ag, T l , V, Se, Ca, 
(Off-Site) Mg 
Shallow Boring 
(Off-Site) 
Deep Boring 
(Off-Site) 

Canal Sediment Canal Samples pH, conductivity, 
selected volatile 
species 

ICEPS Metals: (see above) 
Oi l 6t grease, phenols, S0^~ 

Ground Water 
and Surface 
Water 

Deep Boring 
Well Monitoring 
Canal Sampling 
Rain Runoff 

pH, conductivity, 
selected volatile 
species 

Volatile P r i o r i t y Pollutants: 
Halogenated Organics 601 
Aromatics 602 

ICPES Metals: (see above) 
Atomic adsorption: As, Se, Hg, 

Pb 
Phenols, SÔ " 

Acidity, S0^~, 803". S~, F", NOo", 
C l " , Hardness, TOC, Phenols, COD, TDS 
Volatile/Semivolatile P r i o r i t y 
L i s t : (see above) 
Priority Pollutant Metals: (see above) 

Air Samples A l l areas Field Analyzers None 1 Hydrocarbon Speciation (Canisters) 



TABLE 3.3-1. 

SUMMARY OF ANALYTICAL METHODS FOR LEVEL B 
INTERMEDIATE ANALYSIS OF SOLID SAMPLES 

Parameter Method Reference 

O i l and Grease 

Lead (Pb) 

Phenols 

Ultimate Analysis 
% C. H, S, N, 0 
% Ash 
% Moisture 

proximate Analysis 
V o l a t i l e Matter 
Fixed Carbon 
Heating Value 
(BTU/lb) 

Metals* 

O i l and Grease 

Metals* 

Phenols 

Sulfate (SO4) 

Wastes and Contaminated So i l s 

Gravimetric 

AA 

Spectrophotometric 

Combus tion-Grav ime t r i e 

Gravimetric 

NonContaminated S o i l s 

ICPES 

Canal Sediment 

Gravimetric 

ICPES 

Distillation/Spectrophoto
metric 

L i C l Extraction/Ion Chrom
atography 

Standard Method 503D 

EPA Method 239.2 

EPA Method 420.1 

ASTM D 3176 
ASTM D 3177-D 3179 
ASTM D 317A 
ASTM D 3173 

ASTM D 3172 
ASTM D 3175 
(by difference) 
ASTM D 3286 

EPA MEthod 200.7 

Standard Method 503D 

EPA Method 200.7 

EPA Method 420.1 

EPA Method 300.0 

* I n c l u d e s As, Cr, Cu, Pb, Se, Zn, Cd, Sb, Ba. Be, Co, Mo. N i , Ag, V, T l , Ca. 
Mg 



TABLE 3.3-2. 

SUMMARY OF ANALYTICAL METHODS FOR LEVEL B -
INTERMEDIATE ANALYSES OF WATER SAMPLES 

Parameter Method Reference 

Sulfate (SO4") 

As, Se, Hg, Pb 

Metals^ 

Phenols 

Priority Pollutant 
Organic Compounds 
Volatile Halogenated 
Volatile Aromatics 

Ion Chromatography 

AA 

ICPES 

Spectrophotometric 

GC-HECD-X 
GC-PID 

EPA Method 300.0 

EPA Methods'' 

EPA Method 200.7 

EPA Method 420.1 

EPA Method 601 
EPA Method 602 

^ Includes As, Cr, Cu, Pb, Se, Zn, Cd, Sb, Ba, Be, Co, Mo, Ni , Ag, V, T l , 
Ca, Mg 

''As - EPA Method 206.3, Se - EPA Method 270.3, Hg - EPA Method 245.1, 
Pb - EPA Method 239.2 



TABLE 3.4-1. 

SUMMARY OF ANALYTICAL METHODS FOR LEVEL C EXTENSIVE 
ANALYSES OF SOILS. WASTES. AND SEDIMENTS 

Parameter Method Reference 

A c i d i t y 

Sulfate (SO4 ) 

S u l f i t e (SO3 ) 

Sulfide (S") 

V o l a t i l e P r i o r i t y ^ 
Pollutants and 
V o l a t i l e Sulfonated^ 
Organics 

Nonvolatile 
(Extractable) P r i o r i t y 
Pollutant Organics*^ 

P r i o r i t y Pollutant 
Metals** 

1:1 Extract/Potentiometric 
T i t r a t i o n 

L i C l Extraction/Ion Chroma
tography 

1:1 Water Extraction/ZnOAc 
F i l t r a t i o n / T i t r a t i o n 

D i s t i l l a t i o n / C o l o r i m e t r y 

GC/MS Purge-trap 

GC/MS Extraction 

HNO3/HCI Digestion/AA-ICPES 

EPA Method 305.1 

EPA Method 300.0 

EPA Method 377.1 

EPA Method 376.1 

EPA Method 8240 

EPA Method 8270 

EPA Methods 
Li s t e d i n Table 
3.4-6 

^ See Table 3.A-A; includes 10 major v o l a t i l e sample components not on the 
p r i o r i t y l i s t . 

^ Includes a preestablished p r i o r i t y l i s t of sulfonated organics and other 
compounds. 

^ See Table 3.4-5; includes 20 major semivolatile sample components not on 
the p r i o r i t y l i s t . 

<* See Table 3.4-6. 



TABLE 3.A-2. 

SUMMARY OF ANALYTICAL METHODS FOR 

LEVEL C EXTENSIVE ANALYSES OF WATER SAMPLES 

Parameter Method Reference 

A c i d i t y Potentiometric T i t r a t i o n EPA Method 305.1 
Fluoride Ion Chromatography EPA Method 300.0 
N i t r a t e (N03~) Ion Chromatography EPA Method 300.0 
CHiloride Ion Chromatography EPA Method 300.0 
Sulfate (SO4-) Ion Chromatography EPA Method 300.0 
S u l f i t e (S03~) lodometric T i t r a t i o n EPA Method 377.1 
Sulfide (S") lodometric T i t r a t i o n EPA Method 376.1 
Total Hardness Complexation T i t r a t i o n EPA Method 130.2 
Total Organic Carbon Combustion-IR EPA Method 415.1 
Phenols Spectrophotometric EPA Method A20.1 
Chemical Oxygen H2SO4 Reflux/Redox EPA Method 410.1 
Demand (COD) Ti t r a t i o n 

Total Dissolved Gravimetric EPA Method 160.1 
Solids (TDS) 

V o l a t i l e Organic GC/MS Purge-trap EPA Method 624 
P r i o r i t y Pollutants^ 
V o l a t i l e Sulfonated'' 
Organics 

Semivolatile GC/MS Extraction EPA Method 625 
(Extractable) P r i o r i t y 
Pollutant Organics*^ 

P r i o r i t y Pollutant 
Metals** 

AA/ICPES EPA Methods 

^See Table 3.4-4; includes 10 major v o l a t i l e sample components not on the 
p r i o r i t y l i s t . 

^Includes a preestablished p r i o r i t y l i s t of sulfonated organics and other 
compounds. 

*̂ See Table 3.4-5; includes 20 major s e m i v o l a t i l e sample components not on 
the p r i o r i t y l i s t . 

'̂ See Table 3.4-6. 



TABLE 3.4-3. 

PRIORITY AND HSL POLLUTANTS TO BE DETERMINED DURING 

PURGE-TRAP ANALYSES OF WATER. SOIL. AND WASTE SAMPLES 

P r i o r i t y Pollutants Additional HSL Compounds 

acro l e i n 
a c r y l o n i t r i l e 
benzene 
carbon tetrachloride 
chlorobenzene 
1,2-dichloroethane 
1.1.1- trichloroethane 
1.1-dichloroethane 
1.1.2- trichloroethane 
chloroethane 
2-chloroethylvinyl ether 
chloroform 
1.1- dichloroethene 
trans-1.2-dichloroethene 
1.2- dichloropropane 
trans-l,3-dichloropropene 
cis-1,3-dichloropropene 
ethylbenzene 
methylene chloride 
chloromethane 
bromomethane 
bromoform 
bromodichloromethane 
fluorotrichloromethane 
dichlorodifluoromethane 
chlorodibromomethane 
tetrachloroethene 
toluene 
trichloroethene 
v i n y l chloride 

acetone 
2-butanone 
carbon d i s u l f i d e 
2-hexanone 
A-methyl-2-pentanone 
styrene 
v i n y l acetate 
o-xylene 



TABLE 3.4-4. 

PRIORITY AND HSL POLLUTANTS TO BE DETERMINED 
BY EXTRACTION - GC/MS ANALYSES OF 
WATER. SOIL. AND WASTE SAMPLES 

Prioritv Pollutants 
Additional 
HSL Compounds 

2,4,6-trichlorophenol 
p-chloro-m-cresol 
2-chlorophenol 
2,4-d ichloropheno1 
2,4-dimethylphenol 
2-nitrophenol 
4-nitrophenol 
2,4-d ini tropheno1 
4,6-dinitro-2-methylphenol 
pentachlorophenol 
phenol 
acenaphthene 
benzidine 
1,2,4-trichlorobenzene 
hexachlorobenzene 
hexachloroethane 
bis(2-chloroethyl)ether 
2-chlorobenzene 
1.2- dichlorobenzene 
1.3- dichlorobenzene 
1.4- dichlorobenzene 
3.3- dichlorobenzidine 
2.4- dinitrotoluene 
2,6-dinitrotoluene 
1,2-diphenyIhydrazine 
fluoranthene 
4-chlorophenyl phenyl ether 
4-bromophenyl phenyl ether 
bis(2-chloroisopropyl)ether 
bis(2-chloroethoxy)methane 
hexachlorobutadiene 
hexachlorocyclopentadiene 

isophorone 
naphthalene 
nitrobenzene 
N-nitrosodiphenylamine 
N-nitrosodipropylamine 
bis(2-ethylhexyl)phthalate 
benzyl butyl phthalate 
di-n-butyl phthalate 
di-n-octyl phthalate 
diethyl phthalate 
dimethyl phthalate 
benzo(a)anthracene 
benzo(a)pyrene 
benzo(b)fluoranthene 
benzo(k)fluoranthene 
chrysene 
acenaphthylene 
anthracene 
benzo(ghi)perylene 
fluorene 
phenanthrene 
dibenzo(a,h)anthracene 
indenod ,2,3-cd)pyrene 
pyrene 
PCB-1242 
PCB-1254 
PCB-1221 
PCB-1232 
PCB-12A8 
PCB-1260 
PCB-1016 
toxaphene 

benzoic acid 
2-me thyIpheno1 
4-methyIphenol 
2,A,5-trichloro
pheno 1 

aniline 
benzyl alcohol 
4-chloroaniline 
dibenzofuran 
2-methyInaphthalene 
2- nitroaniline 
3- nitroaniline 
4- nitroaniline 

V 



TABLE 3.4-5, 

PRIORITY POLLUTANT METALS DETERMINED DURING LEVEL C EXTENSIVE ANALYSES 

Metal Method Description EPA Method Number 

Ag ICPES 200.7 

As Hydride Generation AAS 206.3 

Be ICPES 200.7 

Cd ICPES 200.7 

Cr ICPES 200.7 

Cu ICPES 200.7 

Hg Cold Vapor AAS 245.1 

Ni ICPES 200.7 

Pb Graphite Furnace AAS 239.2 

Sb Graphite Furnace AAS 204,2 

Se Hydride Generation AAS 270.3 

T l Graphite Furnace AAS 279.2 

Zn ICPES 200.7 



TABLE 3.4-6. 

GC/MS CONDITIONS FOR VOLATILE SPECIES 

Instrument 

Ionization Voltage 

Scan Rate 

Scan Range 

Column 

I n i t i a l Temperature (Hold) 

Program Rate 

F i n a l Temperature 

Finnigan 4023 

70 eV 

1 amu/sec 

4-350 amu 

6'x 2mm 1% SPIOOO 

on Carbopak B 

40° C (3 min) 

8° C/min 

220° C 



TABLE 5.1-1, 

GROSS SUMMARY OF QUALITY CONTROL PERFORMANCE 

Method or Parameter Performance . 

Field Analyzers Acceptable for Survey Application. Note 
Uncertainty For Other Applications 

Canister Analysis Acceptable 

EPA Method 601 Generally Acceptable 

EPA Method 602 (Generally Acceptable 

Anions (Generally Acceptable 

Metals Generally Acceptable 

Phenols Generally Acceptable 

Sulfite/Sulfide Insufficient Information 

Acidity/Alkalinity/Hardness Acceptable 

COD/TOC Acceptable 

Level B Soil Analyses^ High Mean Difference in Many Duplicate 
Sample Analyses 

Level C Soil Analyses^ High Mean Difference in Many Duplicate 
Sample Analyses 

Level B Water Samples*̂  High Mean Difference in Many Duplicate 
Sample Analyses 

Level C Water Samples** High Mean Difference in Many Duplicate 
Sample Analyses 

^ Level B Soil Analyses = Oil and Grease. Phenols. Proximate/Ultimate. 
Anions, Metals. 
Level C Soil Analyses = Acidity, Metals, Anions, Method 625. 

^ Level B Water Analyses = Anions. Metals. Method 601. 
d Level C Water Analyses = Anions. Hardness. TDC. 



TABLE 5.1-2. 

SUMMARY OF MEASUREMENT QUALITY ASSURANCE AUDIT DATA QUALITY 

Approximate 
Within 95Z Confidence 
Level for EPA Contract 

Purity 
Program Accuracy 

Measurement Parameter Matr ix Audit Range Laborator ies Objective Measured 

Purgeables Method 624 Aqueous 20-300 ug/L 12 of 12 +40X -5 to -29Z 
Purgeables Method 602 Aqueous 4-40 ug/L 6 of 6 +20Z -33 to 34Z 
Extractables Method 625 

Aqueous 25-400 ug/L 58 of 58 +40Z -86 to 54Z 
Purgeables Method 601 Aqueous 5-60 ug/L 15 of 16 +20Z -60 to 66Z 
Oil and Grease Solid 1.7-5.2Z 1 of 2 +30Z 31 to 63Z 
TOC Aqueous 4-60 mg/L 1 of 2 +20Z 18 to 22Z 
COD Aqueous 10-150 mg/L 1 of 2 +25Z 25 to 99Z 
TDS Aqueous 40-350 mg/L 2 of 2 +20Z -3 to -lOZ 
Hardness Aqueous 20-150 mg/L 0 of 2 + 10Z -12 to 21Z 
Alkalinity Aqueous 20-75 mg/L 2 of 2 +20Z 0.5 to 1.5Z 
Ion Chromatography Aqueous 1-100 mg/L . 4 of 8 +15Z -7 to -58Z 
Phenolics Aqueous 100-1000 ug/L NA +15Z -91 to -95Z 
Metals Level B Aqueous 10-450 ug/L 1 of 8 +15Z -93 to 61Z 

Metals Level B Solid 10-25000 mg/kg 11 of 26 +12Z -96 to lOOZ 

Metals Level C Aqueous 10-450 ug/L 12 of 18 + 15Z -71 to 55Z 

Metals Level C Solid 10-1000 mg/kg 16 of 21 + 12Z -80 to 25Z 



TABLE 5.3-1. 

SUMMARY OF DRIFT CHECK DATA FOR PORTABLE THC AND SOo ANALYZERS 
I . 

No. Average No. 

Z Upscale Std of Z Zero Std of 

Instrument ID No. Drift Range (%) Dev̂  Tests Drift Range (%) Dev̂  Tests 

AID 103304 -2.9 -22.5 -5.45 +5.8 28 -0.10 -2.2 -0.6 +0.51 27 

AID 207263 -0.20 -0.95 -0.9 +0.72 5 0.11 -0.2 -0.5 +0.25 5 

AID 307263 -0.45 -3.0 -1.2 +1.21 8 0.14 -0.05 -0.5 +0.20 7 

HNV 1 -2.3 -17 -6.7; +5.8 27 0.26 -3.0 -3.5 + 1.63 27 

OVA C5788 -3.6 -35 -5.C +8.5 21 -0.021 -0.5 -0.14 +0.127 20 

OVA C5799 -0.43 -0.9-(-)0.05 +0.43 3 0.0067 -0.01 -0.02 +0.0153 3 

ECOLYZER A1674 -4.2 -32 -5.0 +7.1 28 1.2 -3.0 -4.0 + 1.7 28 

INTERSCAN — -7.2 -21 -16 +6.3 38 2.2 -3.0 -24.8 +5.5 21 

a 
STD DEV = Standard Deviation 



TABLE 5.3-2. 

COMPONENTS OF THE FID/PID MULTICOMPONENT RETENTION TIME STANDARDS 

Capillary Column STD Component 

Ethane n-Hexane 

Ethylene Methylcyclopentane 

Acetylene Benzene 

Propane Isoheptane 

Isobutane 3-Me thy1hexane 

1-Butene 2.2,4-TrimethyIpentane 

n-Butene n-Heptane 

e.rans-2-Butene Methylcyclohexane 

cis-2-Butene Toluene 

Isopentane Ethylbenzene 

1-Pentane m-Xylene 

2-Methyl-l-Butene p-Xylene 

n-Pentane o-Xylene 

t rans-2-Pentane n-Nonane 

cis-2-Pentene n-Propylbenzene 

Cyclopentene p-Ethyltoluene 

Isohexane 1.3,5-Trimethylbenzene 

3-Methylpentane 1,2.4-Trimethylbenzene 



TABLE 5.3-3. 

CONTROL SAMPLE ANALYSES RESULTS 

Mean 
Concentration Date and Percent Difference* from Mean 

Compound (ppb) 6/14/84 6/15/84 6/22/84 ,6/29/84 7/13/84 

Ethane 30.69 18.3 0.4 -5.5 -1.9 -0.6 

Propane 121.2 17.8 -1.0 -4.3 3.1 -2.1 

1-Butene 53.57 20.8 -2.4 -11.7 6.2 3.8 

n-Butane 62.59 17.6 -0.3 -1.3 -1.0 7.2 

1-Hexene 81.01 1.1 0.9 -0.5 1.2 -3.5 

n-Hexane 87.85 -1.2 -0.5 -12.8 -6.7 -6.2 

Benzene 85.44 -14.8 NR 0.1 -2.4 -3.9 

Toluene 101.4 -16.0 NR 1.4 -3.2 -4.7 

n-Octane 112.4 -12.9 NR 2.1 1.9 25.2 

Ethylbenzene 101.9 -14.0 NR 0.5 0.2 58.7 

Propylbenzene 96.4 -11.1 NR 2.4 5.9 -0.6 

n-Decane 103.9 8.3 NR -5.0 22.3 25.3 

^Percent difference = (concentration - mean) x 100/mean. 



TABLE 5.3-4. 

CANISTER BLANK ANALYSES RESULTS 

Total NMHC* 

Date (ppbv-C) 

6/14/84 15.3 

6/15/84 48.7 

6/17/84 32.6 

6/22/84 5.3 

6/29/84 4.3 

7/13/84 2.5 

a NMHC = Non Methane Hydrocarbons 



TABLE 5.3-5. 

ACCEPTABILITY TEST RESULTS FOR METHODS 601 AND 602 

Compound 

Mean 
Recovery 
(%) 

Standard 
Deviation 

(%) 

Meets EPAg 
Criteria? 
(Y or N) 

Method 601 

Chloromethane 

Bromomethane 

Vinyl chloride 

Chloroethane 

Methylene chloride 

Tr ifluorochloromethane 

1,1-D ichloroethene 

1.1-D ichloroethane 

Chloroform 

1.2-Dichloroethane 

1,1,1-Trichloroethane 

Carbon tetrachloride 

Bromodichloromethane 

1,2-Dichloropropane 

Trichloroethene 

cis-1,3-Dichloropropane 

2-Chloroethyl vinyl ether 

Bromoform 

Tetrachloroethylene 

Method 602 

105 

98 

104 

97 

98 

102 

92 

97 

98 

93 

97 

95 

98 

105 

103 

91 

95 

93 

105 

4.4 

7.4 

6.4 

3.7 

1.7 

2.3 

1.4 

1.4 

5.4 

5.1 

4.7 

4.9 

4.3 

4.3 

5.7 

4.7 

4.5 

5.2 

2.0 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Chlorobenzene 100 3.6 Yes 



TABLE 5.3-5. (Continued) 

ACCEPTABILITY TEST RESULTS FOR METHODS 601 AND 602 

Compound 

Mean 
Recovery 
(Z) 

Standard 
Deviation 

(Z) 

Meets EPAg 
Criteria? 
(Y or N) 

Method 602 (Continued) 

1,3-dichlorobenzene 103 3.0 No 

1,2-dichlorobenzene 106 2.3 Yes 

1,4-dichlorobenzene 103 6.0 Yes 

Benzene 90 8.3 Yes 

Toluene 76 4.6 Yes 

Ethyl benzene 95 6.0 Yes 

^Criteria were 1) measured standard deviation less than published value and 
2) recovery within one standard deviation (published) of the published mean 
recovery. 



TABLE 5.3-6. 

ACCEPTABILITY TEST RESULTS FOR METHOD 62A 

Mean Standard Meets EPA 
Recovery Deviation Criteria* 

Compound (Z) (Z) (Y or N) 

Pollutants 

Benzene 100.8 3.8 Y 

Bromod ichlorome thane 76.3 1.9 N 

Bromoform 69.3 3.2 N 

Carbon tetrachloride 51.4 3.6 N 

Chlorobenzene 84.6 3.5 N 

Chloroethane 90.6 5.5 Y 

2-Chloroethyl vinyl ether 113.1 5.4 Y 

Chloroform 77.4 2.0 N 

Bromomethane 115.5 3.9 Y 

Chloromethane 94.8 7.0 Y 

Dibromochloromethane 70.6 3.1 N 

1,1-Dichloroethane 93.5 3.6 Y 

1,2-Dichloroethane 71.0 2.2 N 

1,1-Dichloroetbene 87.6 6.4 Y 

trans-l,2-Dicbloroethene 95.1 4.4 Y 

1,2-Dichloropropane 92.3 2.6 Y 

cis-l,3-Dichloropropene 81.2 2.4 N 

trans-l,3-Dichloropropene 79.6 2.3 N 

Ethylbenzene 79.8 3.9 N 

Methylene chloride 104.9 1.7 Y 

1,1,2-Tetrachloroethane 103.6 3.2 Y 



TABLE 5.3-6. (Continued) 

Compound 

Mean 
Recovery 

(Z) 

Standard 
Deviation 

(Z) 

Meets EPA 
Criteria* 
(Y or N) 

Pollutants (Continued) 

Tetrachloroethylene 

Toluene 

1.1.1- Trichloroethane 

1.1.2- Trichloroetbane 

Trichloroethylene 

Vinyl Chloride 

Surrogates 

4^Bromofluorobenzene 

1,2-Dichloroethane d̂  

Toluene d̂, 
o 

Bromochloromethane 

2-Broino-l-chloropropane 

1,4-DichIorobutane 

73.6 

88.5 

66.3 

78.0 

79.2 

89.5 

93.5 

104.5 

87.6 

115.5 

89.5 

90.6 

4.4 

3.6 

3.2 

12.1 

3.3 

6.5 

3.6 

1.7 

6.4 

3.9 

6.5 

5.5 

N 

Y 

N 

N 

N 

Y 

b 

b 

b 

b 

b 

b 

*Criteria were 1) measured standard deviation less than published value and 
2) recovery within one standard deviation (published) of the published mean 
tecovery. 

Not Applicable. 



TABLE 5.3-7. 

ACCEPTABILITY TEST RESULTS FOR METHOD 625 - ACID EXTRACTABLES 

Compound 

Mean 
Recovery 

(Z) 

Standard 
Deviation 

(Z) 

Meets EPA 
Criteria^ 
(Y or N) 

Pollutants 

4-Chloro-3-methyl phenol 
2-Chlorophenol 
2,4-Dichlorophenol 
2,4-DimethyIphenol 
2,4-Dinitrophenol 
2-Methyl-4,6-dinitrophenol 
4-Nitrophenol 
2-Nitrophenol 
Pentachlorophenol 
Phenol 
2,4,6-Tr ichlorophenol 

Surrogates 

2-Fluorophenol 
Phenol-dj 
Phenol-d3 
2,4,6-Tribromophenol 

52.2 
67.1 
53.5 
38.5 
61.0 
66.7 
57.2 
53.4 
66.1 
65.1 
49.8 

69.8 
58.2 
82.4 
72.8 

4.3 
8.7 
6.7 
4.1 
14.5 
8.8 
6.2 
4.8 
15.6 
7.9 
6.1 

9.7 
6.9 
9.9 
9.3 

N 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
N 
N 

b 
b 
b 
b 

*Criteria were 1) measured standard deviation less than published value and 
2) recovery within one standard deviation (published) of the published mean 
recovery. 

'̂ Not Applicable 



TABLE 5.3-8. 

ACCEPTABILITY TEST RESULTS FOR METHOD 625 -

BASE/NEUTRAL EXTRACTABLES 

Compound 

Mean 
Recovery 
(Z) 

Standard 
Deviation 

(Z) 

Meets EPA 
Criteria* 
(Y or N) 

Pollutants 

Acenaphthene 76.1 3.0 Y 

Acenaphthylene 71.1 2.7 Y 

Anthracene 88.9 5.0 Y 

Benzo(a)anthracene 76.1 3.5 Y 

Benzo(b)fluoranthene 72.5 4.4 Y 

Benzo(k)fluoranthene 25.2 5.2 Y 

Benzo(g,h,i)perylene 67.5 23.4 Y 

Benzo(a)pyrene 64.0 2.6 Y 

Benzidene 53.2 12.9 Y 

Butylbenzyl phthalate 81.2 4.1 Y 

Bis(2-chloroethoxy)methane 72.3 2.4 Y 

Bis (2-ch loroe thy Dether 82.6 2.5 Y 

Bis(2-chloroisopropyl)ether 76.4 3.4 Y 

Bis(2-ethylhexyl)phthalate 109.3 7.0 Y 

4-Bromophenyl ether 75.7 3.6 Y 

2-Chloronapthalene 75.3 4.1 Y 

4-Chlorophenyl phenyl ether 85.7 6.5 N 

Chysene 89.6 3.5 Y 

Dibenzo(a,h)anthracene 60.4 15.4 Y 

Di-n-butyl phthalate 83.7 3.7 Y 

1,2-Dichlorobenzene 82.6 3.2 Y 

1,3-Dichlorobenzene 82.1 4.1 Y 

1,4-Dichlorobenzene 81.9 3.8 Y 

3,3-Dichlorobenzedine 74.6 3.4 Y 

Diethylphthalate 60.5 2.9 Y 



TABLE 5.3-8. (Continued) 

Mean Standard Meets EPA 
Compound Recovery Deviation Criteria* 

(Z) (Z) (Y or N) 

Pollutants (Continued) 

Dimethyl phthalate 50.2 5.6 Y 

2,4-Dinitrotoluene 79.8 3.6 Y 

2,4-Dinitrotoluene 77.8 2.8 Y 

Di-n-octyl phthalate 85.7 3.6 Y 

Fluoranthene 95.5 5.7 Y 

Fluorene 87.5 5.9 Y 

Hexachlorobenzene 76.5 3.6 Y 

Hexachlorobutadiene 64,5 4.5 Y 

Hexachlorocyclopentadiene 

Hexachloroethane 71.6 3.0 Y 

Indenod,2,3-cd)pyrene 62.6 11.0 Y 

Isophorone 73.5 2.7 Y 

Naphthalene 73.7 3.9 Y 

Nitrobenzene 78.1 2.6 Y 

n-Nitrosodi-n-propylamine 73.9 4,1 Y 

Phenanthrene 90.2 5.9 Y 

Pyrene 93.4 4.3 Y 

1,2,4-Trichlorobenzene 68.2 4.4 Y 

Surrogates 

Nitrobenzene-dj 80.2 16.0 b 

Terphenyl-di4 89.2 3.1 J 

Biphenyl-djQ 62.6 2.7 b 

*Criteria were 1) measured standard deviation less than published value and 
2) recovery within one standard deviation (published) of the published mean 
recovery. 

'̂ "o'l Applicable 



TABLE 5.3-9. 

SURROGATE RECOVERY DATA FOR METHODS 601 AND 602 

Surrogate Compound Method 
Number of 

Spiked Samples 

Mean 
. Recovery 

(Z) 

Standard 
Deviation 

(Z) 

Bromochloromethane 601 

2-Bromo-l-chloropropane 601 

0^,e6^--rifluorotoluene 602 

15 

15 

16 

108 

97.6 

83.3 

13.5 

12.7 

21.0 



TABLE 5.3-10. 

SURROGATE RECOVERY DATA FOR METHODS 62A and 625 

Surrogate Compound 
Number of 

Method Spiked Samples 

Mean 
Recovery 
(Z) 

Standard 
Deviat ion 

(Z) 

d^-l,2-Dichloroethane 624 66 104.09 13.46 

Toluene-dg 624 66 97.89 9.55 

p-Bromofluorobenzene 624 65 113.77 33.30 

2-Fluorophenol 625 49 88.84 56.12 

Phenol-d3 625 54 92.44 54.61 

Pheno1-dg 625 53 86.62 49.14 

Nitrobenzene-d^ 625 53 89.70 45.95 

2-Fluorob ipheny1 625 57 115.11 51.34 

2,4,6-Tr ibromophenol 625 44 173.80 141.52 

B ipheny 1-d 2̂  Q 625 58 87.66 25.01 

Terphenyl-dj^ 625 63 101.03 36.23 



TABLE 5.3-11. 

SPIKE RECOVERIES FOR METHOD 601 

Surrogate Compound 
Number of 

Spiked Samples 

Mean 
Recovery 

(Z) 

Standard 
Deviat ion 

(%) 

Chloromethane 

Chloroethane 

Methylene chloride 

1,1-Dichloroethene 

Carbon tet r a c h l o r i d e 

Dichlo robromome thane 

15 

15 

15 

15 

13 

15 

1A7 

102 

97.2 

128 

115 

105 

58.1 

32.A 

8.5 

21.5 

26.6 

22.3 



TABLE 5.3-12. 

SPIKE RECOVERIES FOR METHOD 602 

Organic-Free Water Spikes Spiked Samples 

Number Mean Standard Number Mean Standard 
Compound of Spike Recovery Deviation of Spike Recovery Deviation 

Analyses (%) (Z) Analyses (^) (̂ ) 

Benzene 10 85.6 6.9 

Toluene 10 109 12.4 

Ethylbenzene 10 74.6 24.6 

2 91.5 0.7 

2 131 22.6 

2 83.5 12.0 



TABLE 5.3-13. 

DUPLICATE ANALYSES RESULTS FOR METHOD 601 

Sample 
ID No. Compound 

Concentration 
1 

(ug/1) 
• 2 
(ug/1) 

Relative 
Percent 

Difference' 

557 1,1-Dichloroethane 
t rans-l,2-Dichloroethene 
1,2-Dichloroethane 

586 trans-1,2-Dichloroethene 
Trichloroethene 

1,2,2-Tetrachloroethane 

587 Trichloroethene 

592 A l l compounds 

606 trans-1,2-Dichloroethene 
1,2-Dichloroethane 
Trichloroethene 

3.2 
28.7 
ND 

2.1 
1.0 
2.9 

0.1 

ND 

15.4 
3.1 
5.4 

2.7 
27.7 
0.2 

2.0 
1.0 
2.7 

0.1 

ND 

21.4 
2.6 
3.9 

16.9 
3.5 

4.9 
0.0 
7.1 

0.0 

32.6 
17.5 
32.3 

*RPD = absolute value of the difference between the two values divided by 
the average of the two values expressed as a percentage. 



TABLE 5.3-lA. 

DUPLICATE ANALYSES RESULTS FOR METHOD 602 

Concentration Relative 
Sample 
ID No. Compound 

1 
(ug/1) 

2 
' (ug/1) 

Percent 
Difference 

586 Toluene 1.9 2.4 -23.3 
Ethyl benzene 1.1 0.6 58.8 

587 Benzene 27.8 26.0 6.7 
Toluene 4.7 4.7 0.0 
Ethyl benzene 8.6 8.6 0.0 

609 Benzene 2.1 2.2 -4.7 

615 Al l compounds ND ND b 

*RPD = absolute value of the difference between the two values divided by 
the average of the two values expressed as a percentage. 

b. 
Not Applicable 



TABLE 5.3-15. 

SUMMARY OF ADDITIONAL OFF-SITE ANALYSES 

Analytical 
Parameter 
(Method) 

Liquid Samples Solid Samples Analytical 
Parameter 
(Method) 

Level B Level C Level B Level C 

Anions (IC); SÔ ,̂ NOj", 
F", Cl~ 

X 

Sulfate (IC) X X 

Metals (AA): As, Se, Hg, Pb X X* 

Metals (ICPES): As, Cr, 
Cu, Pb, Zn, Cd, Sb, Ba, 
Be, Co, Mo, Ni, Ag, Ti, 
V, Se, Ca, Mg 

X X 

Priority Pollutant Metals 
(AA or ICPES): Aq, As, Be, 
Cd, Cr, Cu, Hg, Ni, Pb, Sb, 
Se, Ti, Zn 

X X 

Ultimate: C, H, S, N, 0, Ash 
Moisture 

X 

Proximate: Volatile Matter, 
Fixed Carbon, Btu 

X 

Acidity, SOg", S" X X 

Hardness, TOC, COD, TDS X 

Oil and Grease X 

Phenols X X X 

*Lead (Pb) only. 



TABLE 5.3-16. 

QUALITY CONTROL RESULTS FOR FLUORIDE ANALYSES 

Control Standards Duplicate Analvses Spiked Sample s 

Date of 
Analys is 

Mean 
Recovery 

(Z) 

Standard 
Deviation 

(Z) 

Number 
of 

Analyses 

Mean 
RPD 
(Z) 

Standard 
Deviation 

(Z) 

Number 
of 

Duplicates 

Mean 
Recovery 
(Z) 

Standard 
Deviation 

(%) 

Numbe r 
of 

.Analyses 

7/9/84 99.3 — 1 9.4 — 1 109 — 1 

7/30/84 106.4 .49 2 56.5 — 1 86 — 1 

8/8/84 104 1.84 2 .75 1.06 2 111.5 .71 2 

8/9/84 99 .42 2 — — — — — — 

8/10/84 108.7 — 1 — — — — — — 

8/17/84 95.7 4.45 2 .5 — 1 102 — 1 

Overall* 101.8 2.4 10 13.98 1.06 5 104 .71 5 

*Overall results include: weighted mean percent recovery or mean relative standard 
deviation, pooled (i.e., "average") standard deviation, and total number of each 
type of QC analyses. 

RPD - Relative Percent Difference 



TABLE 5.3-17. 

QUALITY CONTROL RESULTS FOR CHLORIDE ANALYSES 

Control Standards Duplicate Analyses Spiked Sample s 

Date of 
Analysis 

Mean 
Recovery 

(Z) 

Standard 
Deviation 

(Z) 

Number 
of 

Analyses 

Mean 
RPD 
(Z) 

Standard Number 
Deviation of 

(Z) Duplicates 

Mean 
Recovery 

(Z) 

Standard 
Deviation 

(%) 

Number 
of 

Analyses 

7/9/84 97.0 — 1 6.4 1 81 — 1 

7/30/84 98.55 2.47 2 1.83 .91 3 99.5 7.78 2 

8/1/84 101.0 — 1 9.2 1 96 — 1 

8/8/84 99.8 2.83 2 7.8 1 — — -

8/9/84 97.0 .4 2 15.9 1 101 — 1 

8/10/84 101.3 — 1 .3 1 99 — 1 

8/17/84 95.8 16.6 2 1.0 1 94 — 1 

Overall^ 98.3 8.5 11 5.1 .91 9 95.7 7.78 7 

*Overall results include: weighted mean percent recovery or mean relative standard 
deviation, pooled (i.e., "average") standard deviation, and total number of each 
type of QC analyses. 

RFD - Relative Percent Difference 



TABLE 5.3-18. 

QUALITY CONTROL RESULTS FOR NITRATE ANALYSES 

Control Standards Duplicate Analyses Spiked Samples 
Mean Standard Number Mean Standard Number Mean Standard Number 

Date of Recovery Deviation of RPD Deviation of Recovery Deviation of 
Analysis (Z) (Z) Analyses (Z) (Z) Duplicates (Z) (%) Analyses 

7/9/84 98.8 — 1 2.9 1 99 1 

7/30/84 96.4 .4 2 — — — — 

8/1/84 95.4 — 1 1.5 1 102 1 

8/8/84 92.1 2.4 2 .6 1 — — 

8/9/84 92.2 .6 2 — — — — 

8/10/84 99.1 — 1 10.1 1 105 1 

8/17/84 96.6 2.0 2 5.7 1 120 1 

Overall^ 95.3 2.6 11 4.16 5 106.5 4 

*Overall results include: 
deviation, pooled (i.e.. 

weighted 
"average") 

mean percent recovery or 
standard deviation, and 

mean 
total 

relative standard 
number of each 

type of QC analyses, 

R?D - Relative Percent Difference 



TABLE 5.3-19. 

QUALITY CONTROL RESULTS FOR SULFATE ANALYSES 

Control Standards Duplicate Analyses Spiked Samples 

Date of 
Analysis 

Mean 
Recovery 
(Z) 

Standard 
Deviation 

(Z) 

Number 
of 

Analyses 

Mean 
RPD 
(Z) 

Standard 
Deviation 

(Z) 
Number of 
Duplicates 

Mean 
Recovery 
(%) 

Standard 
Deviat ion 

Number 
of 

Analyses 

7/9/84 95.0 — 1 0 — 1 101 — 1 

7/30/84 97.2 1.2 2 .4 — 1 104 — 1 

8/1/84 96.3 — 1 1.4 — 1 106 — 1 

8/2/84 102.6 — 1 5.4 — 1 106 — 1 

8/8/84 95.7 .9 2 1.85 1.3 2 — — — 

8/9/84 98 0 2 1.4 — 1 93 — 1 

8/10/84 98.3 — 1 .4 — 1 99 — 1 

8/17/84 96.2 2.3 2 .8 — 1 106 — 1 

Overall* 97.2 1.9 12 1.5 1.3 9 102.1 — 7 

*Overall results include: weighted mean percent recovery or mean relative standard 
deviation, pooled (i.e., "average") standard deviation, and total number of each 
type of QC analyses. 

RPD - Relative Percent Difference 



TABLE 5.3-20. 

QUALITY CONTROL RESULTS FOR METALS ANALYSES OF SOLID V.'ASTES 

Element Method 

Mean 
Recovery 

(Z) 

Standard 
Deviation 

(I) 

Humber 
0 

Ana yses 

Mean 
Rpod 
(I) 

- P M U « t C j i P » i l f . 6 I . 
Standard 
Deviation 

IX) 

Number 
of 

Duplicates 

Mean 
Recovery 

(Z) 

Spiked Bamplea 
Standard 
Dev lation 

(7.) 

Number 
of 

Analyses 

CR 

cu 

Zn 

Cd 

Be 

Ni 

Ag 

Ca 

Hg 

As 

Sc 

Hg 

Pb 

Sb 

Ti 

ICPES 

ICPES 

ICPES 

ICPES 

ICPES 

ICPES 

ICPES 

ICPES 

ICPES 

AA 

AA 

AA 

AA 

AA 

AA 

102 

103 

lOA 

101 

103 

98.4 

94.6 

98.4 

100 

98.6 

98.2 

96.8 

101 

103 

102 

4.0 

4.6 

4.8 

5.3 

3.1 

6.1 

2.2 

4.5 

6.3 

9.9 

3.6 

9.8 

4.2 

3.9 

6.3 

7.5 

11.9 

9.7 

a 

4.8 

13.6 

b 

c 

c 

5.5 

10.7 

b 

8.1 

13.3 

b 

3.4 

4.8 

5.7 

a 

1.3 

5.3 

b 

c 

c 

1.6 

9.6 

b 

4.9 

^Spiked sample data do not reflect effects and digestion procedure - spike added to digestate. 
A l l values below detection lim i t . 
Not reported. 

' R P O - R e l a t i v e P e r c e n t D i f f e r e n c e . 

98.6 

102 

96.8 

97.0 

98.4 

95.8 

97.2 

99.8 

103 

98.0 

92.2 

100 

100 

95.8 

96.8 

4.8 

5.9 

3.9 

6.5 

0.9 

3.3 

3.6 

4.5 

2.9 

5.4 

4.1 

6.3 

7.0 

1.6 

2.8 



TABLE 5 . 3 - 2 1 . 

QUALITY CONTROL RESULTS FOR METALS ANALYSES OF WATER SAMPLES 

Control Standards Duplicate Analyses Spiked Samples 

Element Method 

Hean 
Recovery 

(Z) 

Standard 
Deviation 

(Z) 

Number 
of 

Analyses 

Mean 
RPDD 

(Z) 

Standard 
Deviation 

(Z) 

Number 
of 

Duplicates 

Hean 
Recovery 

(Z) 

Standard 
Deviation 

(Z) 

Number 
of 

Analyses 

Ct ICPES 97.0 6.4 6 24.1 1.3 2 104 2.1 4 

Cu ICPES 98.8 5.7 6 12.6 8.0 2 104 6.4 4 

Zn ICPES 99.3 4.7 6 9.4 3.4 3 99.2 8.3 4 

Cd ICPES 99.5 5.0 6 a a 4 105 4.6 4 

Be ICPES 100 4.4 6 a a 4 106 5.7 4 

Ni ICPES 102 5.2 6 12.3 1.4 2 100 5.2 4 

Ag ICPES 101 5.4 6 a a 4 99.2 5.6 4 

Ca ICPES 101 5.2 6 9.3 4.8 3 99.0 3.2 4 

Mg ICPES 100 5.5 6 2.6 1.8 3 104 3.0 4 

As AA 96.8 1.3 5 a a 4 96.8 1.2 4 

Se AA 101 5.9 7 a a 4 102 5.8 4 

Hg AA 97.3 6.3 9 a a 4 103 4.2 4 

Pb AA 96.2 2.4 9 a a 4 102 1.0 4 

Sb AA 98.5 5.9 6 a a 4 104 2.4 4 

Ti AA 97.3 4.1 6 a a 4 98.8 5.0 4 

' A l l result* less than detection limit 

RPD - R e l a t i v e Percent D i f f e r e n c e . 



TABLE 5.3-22. 

QUALITY CONTROL RESULTS FOR PHENOL ANALYSES 

Control Standards Duplicate Analyses Spiked Samples 

Date of 
Analysis 

Mean 
Recovery 
(Z) 

Standard 
Deviation 

(Z) 

Number 
of 

Analyses 

Mean 
RPD̂  
(Z) 

Standard 
Deviation 

(Z) 

Number 
of 

Duplicates 

Mean Standard 
Recovery Deviation 
(Z) (Z) 

Number 
of 

Analyses 

6/29/84 87.4 — 1 0.0 0.0 4 93.5 7.6 4 

7/23/84 99.1 6.4 16 2.1 2.1 10 100.6 5.9 13 

7/26/84 95.2 — 1 0.0 — 1 67.3 — 1 

7/30/84 94.6 1 0.0 — 1 97.2 4.8 5 

8/10/84 96.0 2.0 2 — — — 100.7 4.0 2 

8/21/84 98.9 7.5 3 10.0 9.7 2 173.2 — 1 

8/23/84 97.6 3.0 2 0.0 — 1 92.2 — 1 

8/29/84 96.4 0.8 3 0.0 — 1 84.8 17.9 2 

Overall* 97.8 5.9 29 2.0 28.0 20 99.0 7.0 29 

^hrerall results Include: weighted mean percent recovery or mean relative standard deviation, 
pooled (i.e., "average") standard deviation, and total number of each type of QC Analyses. 

R?D - Relative Percent Difference 



TABLE 5.3-23. 

QUALITY CONTROL RESULTS'FOR ACIDITY/ALKALINITY TESTS 

Control Standards Duplicate Analyses 

Date of 
Analysis 

Mean 
Recovery 
(Z) 

Standard 
Deviation 

(Z) 

Number 
of 

Analyses 

Meâ  Standard Number 
RPD Deviation . of 
(Z) (Z) Duplicates 

6/29/84 96.7 

7/30/84 91.7 

8/3/84 92.5 

8/8/84 92.5 

8/10/84 100.8 

Overall^ 94.8 

10.1 

1.3 

3.8 

2.0 

5.3 

5.4 

8.7 2 

1 

1 

1 

1 

RPD - Relative Percent Difference, 

^Overall r e s u l t s Include: weighted mean percent recovery or mean r e l a t i v e 
standard deviation, pooled ( i . e . , "average") standard deviation, and t o t a l 
number of each type of QC analyses. 



TABLE 5.3-24. 

QUALITY CONTROL RESULTS FOR COD.ANALYSES 

Control Standards Duplicate Analyses Spiked Samples 

Mean Standard Number Mean Standard Number Mean Standard Number 
Date of Recovery Deviation of RPD* Deviation of Recovery Deviation of 
Analyses (̂ ) (̂ ) Analyses (̂ ) (̂ ) Duplicates Analyses 

6/28/74 

8/31/84 

9/9/84 

98.8 

90.0 

133.0 

<DL' 

8.7 

7.1 

86.5 

88.0 

6.4 2 

1 

Overall 107 7.9 87.0 

RrD - Relative Percent Difference 

DL = detection limit 



TABLE 5.3-25. 

QUALirr CONTROL RESULTS FOR TOC ANALYS T.S 

Control Standards Duplicate Analyses Spiked Samples 

Mean Standard Number Mean Standard Number Hean Standard Number 
Date of Recovery Deviation of RPD* Deviation of- Recovery Deviation of 
Analyses (Z) (Z) Analyses (Z) (Z) Duplicates (Z) (Z) Analyses 

8/10/84 

8/18/84 

93.1 

97.5 

3.4 

9.9 

2 

2 

39.1 41.2 

<DL̂  

107 

135 

6.7 2 

1 

Overall 95.3 39.1 116 

*RPD - Relative Percent Difference 

D̂L = detection limit 



4 

TABLE 5.3-26. 

QUALITY CONTROL RESULTS FOR TDS ANALYSES 

Control Standards Duplicate Analyses Blank Samples 

Mi'.n Standard Number 
Date of Recovery Deviation of 
Analyses (2) (̂ ) Analyses 

Mean 
RPD^ 
(%) 

Standard Number 
Deviation of 

(Z) Duplicates 

Mean Number 
Cone. of 
(g) Analyses 

7/19/84 95.8 1.0 0.1 0.00033 

RPD - Relative Percent Difference. 



TABLE 5.3-27. 

QUALITY CONTROL RESULTS FOR DUPLICATE SKMPLES, 

LEVEL B ANALYSES OF SOIL SAMPLES 

Analysis Parameter 

Pooled 

CV* 

Pooled 

Standard 

Deviation 

Mean 

Difference 

ill 

Oil & Grease 

Oil & Grease 

Phenols 

Proximate/ 

Ultimate 

Oil & Grease 

Oil & Grease 

Phenol 

0 

C 

H 

N 

S 

Ash 

BTU 

Volatile Matter 

Fixed Carbon 

Loss 

Anions/Metals SÔ  

Ba 

Ca 

Cd 

Co 

Cr 

Cu 

V 

Zn 

Mg 

Mo 

45.3 

47.9 

37.1 

21.1 

11.0 

3.5 

15.9 

22.2 

8.3 

14.3 

78.4 

100.8 

84.7 

44.9 

37.6 

27.9 

50.3 

17.3 

35.6 

53.4 

23.8 

34.0 

33.6 

16.4 

37839.0 

1110 

0.4 

1.8 

0.4 

0.1 

0.0 

0.4 

1.6 

229 

28.6 

6.3 

2.3 

3.3 

27.1 

503 

1.1 

1.8 

21.6 

16.0 

6.2 

18.6 

1563 

0.5 

52.8 

58.5 

47.3 

24.8 

11.2 

3.4 

20.3 

23.2 

7.0 

15.6 

80.8 

116 

108 

56.9 

40.2 

30.6 

60.8 

21.8 

38.2 

62.1 

28.7 

40.0 

37.4 

16.4 



TABLE 5.3-27. (Continued) 

Analysis Parameter 

Pooled 

CV̂  

Pooled 

Standard 

Deviation 

Mean 

Difference 

m 

Ni 

Pb 

32.9 

36.5 

20.1 

2.6 

35.9 

51.3 

CV= Coeffecient of variance 



TABLE 5.3-28. 

QUALITY CONTROL RESULTS FOR DUPLICATE SAMPLES, 

LEVEL C ANALYSES OF SOIL SAMPLES 

Pooled 

cva 
Pooled 

Standard 

Mean 

Difference 

Analysis Parameter (Z) Deviation (Z) 

Acidity Alkalinity 131 2315 186 

Metals As 81.9 3.9 116 

Cr 59.8 7.6 84.6 

Cu 69.5 7.9 98.2 

Ni 77.3 7.5 109 

Pb 29.5 26.9 41.8 

Tl 16.4 0.02 23.3 

Zn 18.6 70.7 26.3 

Anions/625 SO4 110 2596 155 

Napthalene 141 8461 199 

CV = Coefficient of variance 



TABLE 5.3-29. 

QUALITY CONTROL RESULTS FOR DUPLICATE SAMPLES, 

LEVEL B ANALYSES OF WATER SAMPLES 

Pooled Pooled Mean 
CV* Standard Difference 

Analysis Parameter (Z) Deviation (Z) 

Anions/Metals SO4 102 0.7 144 
Aĝ  20.2 0.0 28.6 
Al 55.8 0.1 59.5 
B 1.9 0.0 2.7 
Ba 25.8 0.2 33.7 
Ca 3.4 0.1 4.6 
Co 10.1 0.0 14.3 
Cr 12.1 0.0 17.1 
Cu 84.2 0.1 98.9 
Fe 25.8 0.0 29.9 
K 55.7 0.5 59.3 
Li 74.3 0.0 81.2 
Mg 8.6 0.1 10.1 
Hn 15.7 0.0 22.2 
Mo 43.6 0.0 51.1 
Na 3.6 0.1 3.6 
Ni 15.7 0.0 22.2 
P 36.2 0.5 36.2 
S 64.6 0.6 77.3 
Si 1.1 0.1 1.1 
Sr 5.3 0.0 7.1 
Ti 66.4 0.0 67.0 
V 79.4 0.0 88.0 
Zn 131 0.6 185 

601 Carbon tetra 41.9 1.4 59.2 
chloride 

CV = Coefficient of variance 



TABLE 5.3-30. 

QUALITY CONTROL RESULTS FOR DUPLICATE SAMPLES, 

LEVEL C ANALYSES OF WATER SAMPLES 

Analysis Parameter 

Pooled 

CVa 

(Z) 

Pooled 

Standard 

Deviation 

Mean 

Difference 

(Z) 

Anions 

Hardness 

TDS 

Chloride 

Sulfate 

Hardness 

TDS 

37.3 

71.9 

13.5 

2.7 

0.3 

0.5 

1.3 

0.5 

46.7 

73.3 

17.2 

2.7 

CV = Coeffecient of variance 



TABLE 5.4-1. 

On-site Performance Audit Standards 

Measurement 
Parameter Audit Standard Source of Audit Standard 

Blank Zero Grade A i r Scott Environmental 

Total Hydrocarbon Benzene i n N2 Scott Environmental 

Total Hydrocarbon Gas Mix i n N2 Scott Environmental 

Total Hydrocarbon Gas Mix i n N2 Scott Marin 

Sulfur Dioxide SO2 i n a i r EPA 

Total Hydrocarbons Benzene i n N2 National Bureau of 
Standards 



TABLE 5.4-2. 

On-site Analyzers Subjected to Audit 

Manufacturer Model 
ID or 

Serial No. Analyte F u l l Scale Ranges 
Calibration 

Concentration/Species 

HNU PI-101 1 THC 20.200.2000 0.8ppm/C2Hg 

HNU PI-101 2 THC 2.20.200 0.8ppm/C2Hg 

AID 580 103304 THC 200.2000 20ppm/CgHg 

AID 580 207263 THC 200,2000 20ppm/CgHg 

OVA 108 C5788 THC 10000 AOppm/CM^ 

InterScan 1240 25165 SO2 100.1000.5000 40ppm/SO2^ 

Ecolyzer 2000 A1674 SO2 2.10 0.4ppm/S02^ 

QA standards not available for the f i e l d audit. 



TABLE 5.4-3. 

RESULTS OF HNU ANALYZERS AUDIT 

THC 
Concentration 

(ppmv) 

HNU 
No. 1 
(ppmv) 

HNU No. 1 
Relative Error* 

(Z) 

HNU 
No. 2 
(ppmv) 

HNU No. 2 
Relative E r r o r * 

(Z) 

0.00^ 0.13 NAC 0.12 NA^ 

0.50^ 0.43 -14.0 0.43 -14.0 

l.OOb 0.89 -11.0 0.90 -10.0 

1.47b 1.28 -12.9 1.31 -10.9 

2.00^ 1.70 -15.0 1.70 -15.0 

Regression Parameters 

Correlation 
Coefficient 

0.9983 0.9982 

Slope 0.8027 0.8125 

Intercept 0.09 0.08 

* Relative Error = (Reported Value - C e r t i f i e d Value) x 100/Certified Value, 

b Diluted from a standard c e r t i f i e d to contain 112 ppmv C^Hg i n N2. 

NA = Not applicable. 



TABLE 5.4-4. 

RESULTS OF AID ANALYZERS AUDIT 

THC 
Concentration 

(ppmv) 

AID 
207263 

(ppmv as C6) 
Relative Error* 

(Z) 

AID 
103304. 
(ppmv) , 

Relative Error* 
(Z) 

8.4^ 10.8 28.6 12.4 47.6 

22^ 34 54.5 40 81.8 

36^ 84 133 95 164 

112^ 223 99.1 236 111 

Regression Parameters 

Correlation 
Coefficient 

0.9951 0.9930 

Slope 2.042 2.134 

Intercept -3.10 0.69 

* Relative Error = (Reported Value - Certified Value) x 100/Certified Value. 

^ Diluted from a standard certified to contain 112 ppmv CgHg i n N2. 



TABLE 5.4-5. 

OFF-SITE PERFORMANCE AUDIT STANDARDS 

Measurement Parameter 
Analytical 
Methodology Audit Standard 

Source of 
Audit Standard 

Purgeable Halocarbons GCMS/EPA Method 624 Aqueous solution EPA. QAB. EMSL* 

Purgeable Aromatics GC/EPA Method 602 Aqueous solution EPA, QAB. EMSL* 

Extractable Organics GCMS/EPA Method 625 Aqueous solution EPA. QAB. EMSL* 

Purgeable Halocarbons GC/EPA Method 601 Aqueous solution EPA. QAB. EMSL* 

Chemical Demand Instrumental/chemical Aqueous solution EPA. QAB. EMSL* 

Mineral/Physical Instrumental/chemical Aqueous solution EPA, QAB. EMSL* 

Metals AA/ICPES Aqueous solution EPA, QAB, EMSL* 

Priority Pollutant Metals AA/ICPES Solids EPA, 
and : 

QAB, 
NBS° 

EMSL* 

U.S. Environmental Protection Agency, Quality Assurance Branch, Environmental Monitoring Support 
Laboratory, Cincinnati. Ohio 

U.S. National Bureau of Standards. Office of Standard Reference Materials. Washington. D.C. 



TABLE 5.4-6. 

PERFORMANCE AUDIT RESULTS FOR GCMS PURGEABLES BY EPA METHOD 624 

Parameter 
C e r t i f i e d 
Value 
(yg/L) 

Reported 
Value 
(yg/L) 

Relative 
Error* 

(Z) 

C e r t i f i e d 
Value 

(yg/L) 

Reported 
Value 

ivglW 

Relative 
Error* 
(%) 

Relative 
Error 
(Z) 

1.1-Dichloroethane 22 19 -13.6 199 161 -19.1 -16.4 

Chloroform 55 47 -14.5 243 173 -28.8 -21.7 

1,1.1-Trichloroethane 25 20 -25.0 248 177 -28.6 -26.8 

Bromodichloromethane 22 17 -22.7 96 78 -18.8 -20.8 

Bromoform 51 43 -15.7 144 128 -11.1 -13.4 

Tetrachloroethylene 20 19 -5.0 198 164 -17.2 -11.1 

1,1-Dichloroethylene — — — NR 7 — — • 
NR = not reported 

*Relative Error = (Reported Value - Certified Value) x 100/Certified Value 



TABLE 5.4-7. 

PERFORMANCE AUDIT RESULTS FOR GC AROMATIC PURGEABLES BY EPA METHOD 602 

Parameter 

Low-level Standard High-level Standard 

Certified Reported Relative Certified Reported Relative 
Value Value Error Value Value Error 

Mean 
Relative 
Error 

(yg/L) (yg/L) (%) (yg/L) (yg/L) (%) (%) 

Benzene 30.7 20.7 -32.6 12.3 11.4 -7.3 -19.9 

Toluene 4.1 5.5 34.1 37.1 37.0 -0.3 16.9 

Ethylbenzene 11.5 8.5 -26.1 32.9 29.6 -10.0 -18.1 

*Relative Error = (Reported Value - Certified Value) x 100/Certified Value 



TABLE 5.4-8. 

PERFORMANCE AUDIT RESULTS FOR GCMS BASE/NEUTRAL EXTRACTABLES BY EPA METHOD 625 

Mean 
Relative C e r t i f i e d Reported Relative C e r t i f i e d Reported Relative 
Mean 

Relative 
Parameter Value Value Error* Value Value Error* Error 

(yg/L) (yg/L) (%) (yg/L) (yg/L) (Z) (Z) 

Bis-2-chloroethyl ether 48.2 64 32.8 253 290 14.6 23.7 
1,3-Dichlorobenzene 52.0 47 -9.6 148 124 -16.2 -12.9 
1,2-Dichlorobenzene 24.7 22 -10.9 250 ND -100 -55.5 
Nitrosodipropylamine 34.8 24 -31.0 352 432 22.7 -4.2 
Isophorone 76.7 97 26.5 149 180 20.9 23.6 
Bis(2-Chloroethoxy)methane 48.6 50 2.9 255 313 22.7 12.8 
1,2,4-Trichlorobenzene 25.3 20 -20.9 256 265 
Hexachloropentadiene 49.6° 34b •31.4b 157 125b 20.4b -26b 
2-Chloronaphthalene 25.4 26 2.4 251 326 29.9 16.1 
2,6-Dinitrotoluene 76.5 43 -43.8 229 352 53.7 5.0 
2,4-Dinitrotoluene 73.8 68 -7.9 277 313 13.0 2.6 
Diethyl phthalate 25.1 5 -80.1 254 ND -100.0 -90.0 
Hexachlorobenzene 35.7 48 34.5 350 352 0.6 17.5 
Phenanthrene 40.2 37 -8.0 202 211 4.5 -1.8 
Dibutyl phthalate 24.9 14 -43.8 252 244 -3.2 -23.5 
Pyrene 60.2 67 11.3 298 294 -1.3 5.0 
Benzo(a)anthracene 73.9 71 -3.9 315 300 -4.8 -4.3 
Dioctyl phthalate 43.9 35 -20.3 230 237 3.0 -8.6 
Benzo(k)fluoranthene 45.7*= 43*= -5.9*= 246*= 270*= 9.8*̂  
N-Nitrosodiphenylamine NR 3 — — — — 

1,4-Dichlorobenzene NR 5 

ND = Not Detected NR = Not Reported 

*Relative Error = (Reported Value - Certified Value) x 100/Certified Value, 
bit is questionable which compound (hexachlorobutadiene or hexachloropentadiene) is actually 
present. 
*=Benzo(k)fluoranthene and 3,4-benzofluoranthene coelute and are not resolvable by GC/MS. 



TABLE 5.4-9. 

PERFORMANCE AUDIT RESULTS FOR GCMS ACIDIC EXTRACTABLES BY EPA METHOD 625 

Low-level Standard High-level Standard 

Parameter 
Certified 
Value 

Reported 
Value 

Relative Certified Reported Relative 
Error* Value Value Error 

Mean 
Relative 

Error 
(yg/L) (yg/L) (Z) (yg/L) (yg/L) (Z) (%) 

2-Chlorophenol 30 23 -23.3 300 315 5.0 -9.2 
2-Nitrophenol 50 34 -32.0 250 272 8.8 -11.6 
Phenol 100 90 -10.0 250 282 12.8 1.4 
2,4-DimethyIphenol 30 22 -26.7 150 207 38.0 5.7 
2,4-Dichlorophenol 50 39 -22.0 250 267 6.8 -7.6 
2,4,6-Trichlorophenol 25 23 -8.0 250 314 25.6 8.8 
4-Chloro-3-Methylphenol 75 52 -30.7 225 259 15.1 -7.8 
2-Methyl-4.6-Dinitrophenol 250 223 -10.8 750 1030 37.3 13.3 
Pentachlorophenol 75 70 -6.7 375 422 12.5 2.9 
4-Nitrophenol 50 7 -86.0 250 248 -0.8 -43.4 

^Relative Error = (Reported Value - Certified Value) x 100/Certified Value 



TABLE 5.4-10 

PERFORMANCE AUDIT RESULTS FOR GC HALOGENATED PURGEABLES BY EPA METHOD 601 

Parameter 

Low-level Standard 

Certified Reported Relative 
Value Value Error* 
(yg/L) (yg/L) (Z) 

High-level Standard 

Certified 
Value 
(yg/L) 

Reported 
Value 
(yg/L) 

Relative 
Error* 

(%) 

Mean 
Relative 
Error 
(Z) 

Chloromethane 6 .5 10.6 63.1 16.2 26.9 66.0 64.6 
Chloroethane 9 .4 11.4 21.3 28.1 29.4 4.6 13.0 
Methylene chloride 15 .8 13.6 -13.9 26.3 23.1 -12.2 -13.0 
1.1-Dichloroethylene 11 .3 6.8 -39.8 45.0 31.8 -29.3 -34.6 
Trans-1.2-Dichloroethylene 45 .0 49.1^ 9.1 12.5 17.1 36.8 23.0 
Carbon tetrachloride 15 .0 6.0b -60.0 60.0 53.6 -10.7 -35.6 
Bromodichloromethane 18 .0 10.7 -40.6 40.0 25.3 -36.8 -38.7 
1,1.2-Trichloroethane 15 .8 16.2 2.5 33.8 45. I*' 33.4 18.0 

*Relative Error = (Reported Value - Certified Value) x 100/Certified Value, 
bvalue is outside the 95 percent confidence interval. 



TABLE 5.4-11. 

PERFORMANCE AUDIT RESULTS FOR CHEMICAL DEMAND 

Low-l e v e l Standard High-level Standard 
Mean 

Relative 
Error 
(Z) 

C e r t i f i e d 
Parameter Value 

(mg/L) 

Reported 
Value 
(mg/L) 

Relative 
Error* 

(Z) 

C e r t i f i e d 
Value 
(mg/L) 

Reported 
Value 
(mg/L) 

Relative 
Error* 

(%) 

Mean 
Relative 

Error 
(Z) 

Total Organic Carbon (TOC) 4.1 5 22.0 61.2 72b 17.6 19.8 

Chemical Oxygen Demand (COD) 10.4 13 25.0 156 310b 98.7 61.9 

'Relative Error = (Reported Value - Certified Value) x 100/Certified Value. 
•'Value is outside 95 percent confidence interval. 



TABLE 5.4-12. 

PERFORMANCE AUDIT RESULTS FOR MINERAL ANALYSIS 

Parameter 

Low-level Standard High-level Standard 

Certified Reported Relative Certified Reported Relative 
Value Value Error Value Value Error 

Mean 
Relative 

Error 
(mg/L) (mg/L) (Z) (mg/L) (mg/L) (Z) (Z) 

A l k a l i n i t y (as CaCOg) 21.7 1.4 74.7 75, 0.4 0.9 
Total Hardness (as CaCO^) 20.7 25b 20.8 136 120'' -11.8 4.5 
Total Dissolved Solids 

(at 180° C) 44.2 40 -9.5 320 310 -3.1 -6.3 

Sulfate*^ (Level C) 7.2 
"̂ •̂  K 

-34.7 93.8 -49.9 -42.3 
Fluoride*= (Level C) 0.43 0.25^ -41.9 1.3 0.58̂ ^ -55.4 -48.6 
Chloride*= (Level C) 17.8 7.5b -57.9 85.3 35*= -59.0 -58.4 

Sulfate*= (Level B) 7.2 6.0 -16.7 93.8 87 -7.2 -12.0 

*Relative Error = (Reported Value - Certified Value) x 100/Certified Value, 
bvalue is outside the 95 percent confidence interval. 
*=Analysis by ion chromatography. 



TABLE 5.4-13. 

PERFORMANCE AUDIT RESULTS FOR LOW-LEVEL METALS USING LEVEL B PROCEDURES ON A LIQUID 

Low-level Standard High-level Standard 

Parameter 
Certified 
Value 
(m/L) 

Reported 
Value 
(yg/L) 

Relative 
Error* 

(Z) 

Certified 
Value 
(yg/L) 

Reported 
Value 
(yg/L) 

Relative 
Error* 

(Z) 

Relative 
Error 
(Z) 

Arsenic (Hydride) 27 <2b -92.6 235 <2b -99.1 -95.9 

Mercury (Cold Vapor) 0.7 0.9 28.6 8.7 14b 60.9 44.7 

Lead (Graphic Furnace) 43 60^ 39.5 435 640b 47.1 43.3 

Selenium (Hydride) 11 <2b -81.8 50 <2b -96.0 -88.9 

^Relative Error = (Reported Value - Certified Value) x 100/Certified Value. 
'Value is outside the 95 percent confidence interval. 



TABLE 5.4-14. 

PERFORMANCE AUDIT RESULTS FOR TRACE METALS USING LEVEL B PROCEDURES ON A SOLID̂  

Low-level Standard High-level Standard 

Certified Reported Relative 
Parameter Value Value Error 

Certified 
Value 

Reported 
Value 

Relative 
Error 

Mean 
Relative 
Error 

(mg/kg) (mg/kg) (Z) (mg/kg) (mg/kg) (Z) (Z) 

Aluminum 4560 4000 -12.3 22600 810*̂  -96.4 -54.3 
Beryllium 0.28 <0.12 -57.1 — — — -57.1 
Chromium 193 88*= -54.4 29600 25000*= -15.5 -35.0 
Cadmium 19.1 20 4.7 10.2 1.4*= -86.3 -40.8 
Copper 1080 940 -13.0 109 13*= -88.1 -50.5 
Cobalt — — — 10.1 1.4*= -86.1 -86.1 
Iron 16500 15000 -9.1 113000 69000*= -38.9 -24.0 
Manganese 202 180*= -10.9 785 96*= -87.8 -49.3 
Nickel 194 180 -7.2 45.8 4.4*= -90.4 -48.8 
Lead 526 470 -10.6 714 110*= -84.6 -47.6 
Vanadium 13.0 2.2 -83.1 23.5 <0.15*= -99.4 -91.2 
Zinc 1320 1200 -9.1 1720 280*= -83.7 -46.4 
Arsenic 17 34 100 66*1 91 37.9 68.9 

Lead by AA* 526 1400*= 166.2 714 870*= 21.8 ' 94.0 

*Analyses by ICPES except for the last entry (lead by AA). 
bpelative Error = (Reported Value - Certified Value) x 100/Certified Value. 
*=Value is outside the 95 percent confidence interval. 
*lvalue is not certified. 



TABLE 5.4-15. 

PERFORMANCE AUDIT RESULTS FOR PRIORITY POLLUTANT METALS 

Parameter 

Low-level Standard High-level Standard 

Certified 
Value 

Reported 
Value 

Relative 
Error* 

Certified 
Value 

Reported 
Value 

Relative 
Error* 

Mean 
Relative 

Error 
(yg/L) (yg/L) (Z) (yg/L) (yg/L) (Z) (Z) 

Beryllium (ICPES) 29 -6.9 235 200b -14.9 -10.9 
Cadmium (ICPES) 9.1 4b -56.0 39 37 -5.1 -30.6 
Chromium (ICPES) 7.1 l i b 54.9 261 270 3.4 29.2 
Copper (ICPES) 8.9 9 1.1 339 350^ 3.2 2.2 
Zinc (ICPES) 10 10 0.0 418 450b 7.7 3.8 

Arsenic (AA) 27 3.7 235 250 6.4 5.0 
Mercury (AA) 0.7 <0.2'' -71.4 8.7 -32.2 -51.8 
Lead (AA) 43 52 20.9 435 510^ 17.2 19.1 
Selenium (AA) 11 13 18.2 50 42 -16.0 1.1 

*Relative Error = (Reported Value - Certified Value) x 100/Certified Value, 
b. Value is outside the 95 percent confidence interval. 



TABLE 5.4-16. 

PERFORMANCE AUDIT RESULTS FOR PRIORITY POLLUTANT METALS 

Parameter 

Low-level Standard High-level Standard 

Certified 
Value 

Reported 
Value 

Relative 
Error* 

Certified 
Value 

Reported 
Value 

Relative 
Error* 

Mean 
Relative 

Error 
(mg/kg) (mg/kg) (Z) (mg/kg) (mg/kg) (Z) (Z) 

S i l v e r (ICPES) NR 3.0 80.6 72 -10.7 -10.7 
Beryllium (ICPES) — — — 0.28 <0.24 -14.3 -14.3 
Cadmium (ICPES) 10.2 7.4b -27.5 19.1 20 4.7 -11.4 
Chromium (ICPES) 29600 27000 -8.8 193 200 3.6 -2.6 
Copper (ICPES) 109 77b -29.4 1080 1000 -7.4 -18.4 
Nickel (ICPES) 45.8 26b -43.2 194 170 -12.4 -27.8 
Zinc (ICPES) 1720 1700 -1.2 1320 1200 -9.1 -5.1 

Arsenic (AA) 66*= 60 -9.1 17.0 3.4 -80.0 -44.5 
Mercury (AA) 1.1 18.2 16.3 9.1 -44.2 -13.0 
Lead (AA) 714 890° 24.6 526 760b 44.5 34.6 
Selenium (AA) 1.5*= 0.3 — NR 0.49 — — 
Antimony (AA) 51*= 6.6 — NR 2.7 — — 
Thallium (AA) 1.4 0.02 — NR 0.003 — — 

NR = Not Reported 

*Relative Error = (Reported Value - Certified Value) x 100/Certified Value. 
Value i t outside the 95 percent confidence interval. 
*=Value is not certified. 



TABLE 5.4-17. 

PERFORMANCE AUDIT RESULTS FOR MISCELLANEOUS ANALYSES 

Parameter 

Low-level Standard 

C e r t i f i e d Reported Relative 
Value* Value* Error 

(%) 

High-level Standard 

C e r t i f i e d Reported Relative 
Value* Value* Errorb 

(Z) 

Mean 
Relative 

Error 
(Z) 

O i l and Grease 

Total Phenolics 
(Aqueous) 

Total Phenolics 
(Solid) 

17100*= 27900^ 

122.4 6 

28.9 0.5 

63.2 

-95.1 

-98.3 

52700 

1005 

69000 

130 

30.9 

-87.1 

47.0 

-91.1 

*Measurement units are yg/g for o i l and grease and s o l i d phenolics r e s u l t s and yg/L for aqueous 
phenolics results. 

^Relative Error = (Reported Value - C e r t i f i e d Value) x 100/Certified Value. 

*=Value i s not c e r t i f i e d . 

*lvalue i s outside the 95 percent confidence i n t e r v a l . 



TABLE 6.1-1. 

SUMMARY OF METEROLOGICAL CONDITIONS DURING FIELD INVESTIGATION 

Mean 

Temperature 

Temperature 

Range 

Mean Range Mean Mean Wind 

Wind Speed Wind Speed Wind Direction Deviation 

(°F) (•= F) (mph) (mph) (deg) (deg) 

06/08/84 69.3 55.9 80.8 8.4 4.2 12.0 315 402 

06/09/84 72.0 58.7 - 84.0 7.7 3.8 - 11.8 318 521 

06/10/84 68.8 56.2 - 82.3 7.4 2.8 - 11.9 218 238 

06/11/84 72.9 55.4 - 87.2 5.5 1.3 - 10.3 235 1960 

06/12/84 71.5 61.0 - 83.0 7.9 4.8 - 11.0 306 1172 

06/13/84 71.0 56.0 - 85.4 6.2 3.2 - 10.3 296 914 

06/14/84 75.0 61.3 - 88.0 5.9 2.7 - 9.0 315 1340 

06/15/84 77.3 62.3 - 89.8 5.5 3.9 - 8.1 262 1254 

06/16/84 81.2 66.0 - 94.8 5.0 2.6 - 7.5 252 1088 

06/17/84 84.8 70.8 - 98.5 4.9 1.7 - 8.5 244 1146 

06/18/84 84.0 71.3 - 98.1 6.4 2.7 - 10.8 278 877 

06/19/84 77.1 62.7 - 90.4 6.3 1.8 - 10.6 263 1842 

06/20/84 71.0 56.2 - 84.4 6.7 2.9 - 12.1 282 1346 

06/21/84 70.9 56.5 - 84.8 6.8 3.0 - 11.4 302 627 

06/22/84 78.5 61.1 - 92.9 4.7 1.1 - 7.8 242 1074 

ND - No data, data loss due to system malfunction. 



TABLE 6.1-1. (Continued) 

SUMMARY OF METEROLOGICAL CONDITIONS DURING FIELD INVESTIGATION 

Mean 

Temperature 

Temperature 

Range 

Mean Range Mean Mean Wind 

Wind Speed Wind Speed Wind Direction Deviation 

(°F) (°F) (mph) (mph) (deg) (deg) 

06/23/84 ND ND ND ND ND ND 

06/24/84 85.5 68.2 - 103.6 4.7 1.2 - 8.1 252 984 

06/25/84 86.3 67.1 - 105.5 5.2 1.2 - 10.8 256 1109 

06/26/84 84.1 65.4 - 98.4 6.4 2.5 - 10.7 274 1029 

06/27/84 83.9 66.5 - 98.7 5.6 2.0 - 8.3 285 744 

06/28/84 87.1 71.2 - 101.8 7.5 3.3 - 12.6 316 446 

06/29/84 79.4 65.9 - 90.3 8.6 5.1 - 11.4 320 394 

06/30/84 ND ND ND ND ND ND 

07/01/84 85.1 66.4 - 101.8 4.6 2.0 - 7.4 258 837 

07/02/84 88.8 72.2 - 105.3 5.0 0.9 - 8.5 248 1356 

07/03/84 89.9 77.6 - 101.6 5.7 1.3 - 9.4 269 1922 

07/04/84 88.5 75.9 - 102.0 5.3 3.1 - 10.0 262 940 

07/05/84 89.2 74.5 - 102.8 5.1 1.9 - 9.7 261 936 

07/06/84 91.5 75.1 - 106.4 5.2 1.9 - 9.1 275 1107 

07/07/84 90.9 75.4 - 105.5 6.0 1.4 - 11.4 265 1079 

ND - No data, data loss due to system malfunction. 



TABLE 6.1-1. (Continued) 

SUMMARY OF METEROLOGICAL CONDITIONS DURING FIELD INVESTIGATION 

Mean 

Temperature 

(°F) 

Temperature 

Range 

(°F) 

Mean Range Mean Mean Wind 

Wind Speed Wind Speed Wind Direction Deviation 

(mph) (mph) (deg) (deg) 

07/08/84 86.6 68.9 - 103.5 6.0 1.6 - 9.4 259 1061 

07/09/84 84.7 67.8 - 99.3 6.8 5.0 - 10.2 300 476 

07/10/84 84.9 67.5 - 99.8 5.1 1.4 - 8.7 243 987 

07/11/84 86.7 69.6 - 103.0 5.5 2.5 - 9.3 230 753 

07/12/84 87.2 72.3 - 102.0 5.4 1.9 - 8.8 254 718 

07/13/84 90.4 72.9 - 106.2 5.0 1.6 - 9.1 245 1016 

07/14/84 91.9 81.1 - 104.6 5.4 1.4 - 10.3 240 1720 

07/15/84 91.1 81.1 - 101.5 5.1 1.6 - 9.0 258 1567 

07/16/84 90.4 77.5 - 103.1 3.6 2.1 - 7.2 217 2166 

07/17/84 92.4 78.6 - 103.8 5.4 1.8 - 9.4 273 819 

07/18/84 89.2 74.9 - 103.3 5.3 3.2 - 9.1 249 895 

07/19/84 86.2 69.7 - 101.3 5.7 2.1 - 8.7 270 674 

07/20/84 86.9 72.2 - 99.6 6.7 2.4 - 10.6 266 1003 

07/21/84 81.9 76.7 - 95.4 6.6 2.9 - 10.3 304 756 

07/22/84 69.9 57.6 - 78.7 5.0 1.7 - 8.6 212 1220 

ND - No data, data loss due to system malfunction. 



TABLE 6.1-1. (Continued) 

SUMMARY OF METEROLOGICAL CONDITIONS DURING FIELD INVESTIGATION 

Mean Temperature Mean Range Mean Mean Wind 

Temperature Range Wind Speed Wind Speed Wind Direction Deviation 

(°F) (°F) (mph) (mph) (deg) (deg) 

07/23/84 79.0 ND 7.4 ND 249 300 

07/24/84 80.0 ND 8.3 ND 254 1109 

07/25/84 72.3 59.7 - 85.0 7.2 3.5 - 11.1 280 808 

07/26/84 77.8 60.6 - 91.8 5.1 2.5 - 9.0 237 1122 

07/27/84 82.0 65.5 - 96.9 4.6 0.9 - 9.1 239 669 

07/28/84 80.5 64.4 - 94.9 5.2 1.9 - 9.4 228 1217 

07/28/84 79.2 63.7 - 95.0 5.8 2.0 - 9.2 251 691 

07/30/84 82.2 66.6 - 97.7 4.8 0.7 - 8.6 229 1491 

07/31/84 84.3 69.3 - 99.0 5.5 2.7 - 9.8 242 1002 

08/01/84 82.6 69.1 - 95.2 6.9 2.7 - 11.3 276 1437 

08/02/84 77.6 64.6 - 90.4 7.2 2.7 - 10.1 277 539 

08/03/84 75.7 61.1 - 91.5 6.2 3.2 - 8.9 264 624 

08/04/84 83.0 67.6 - 97.4 4.6 0.5 - 8.7 223 1194 

08/05/84 86.2 74.4 - 99.0 6.7 2.4 - 10.8 271 690 

ND No data, data loss due to system malfunction. 



TABLE 6.1-2. 

CLASSIFICATION OF ATMOSPHERIC STABILITY BY HORIZONTAL WIND 

DIRECTION FLUCTUATIONS,a e-

P-G S t a b i l i t y Range of Standard 
Deviation, Degrees^ Comments 

A ) > 22.5 Most unstable 
(good dispersion) 

B 22.5>a^ 17.5 

C 17.5>a^ > 
)-

12.5 

D 12.5> CTg 7.5 

E 7.5>a^ > 
1-

3.8 

F 3.8> a. Most stable 
t ) (poor dispersion) 

Adapted from Nuclear Regulatory Commission (NRC) Regulatory Guide 1.23, 
1972. 

Adjust values for surface roughness by multiplying the ranges by (z^/15 
cm) where i s thi 
the s i t e location. 
cm) where i s the average aerod3mamic roughness within 1 to 3 km of 



TABLE 6.1-3. 

RESULTS OF QUALITATIVE SURFACE SURVEY 

Concentration (ppmv) 
Gridpoint Adjusted Adjusted 
Location THC (as Benzene) SOo 

26F B 0.10 
24E 0.14 B 
23E 0.22 B 
25 F 0.16 B 
24F 0.22 B 
14D 0.08 B 
5H 0.18 B 
18D 0.24 B 
19E 0.23 B 
18F 0.23 B 
17D 0.38 B 
18E* 0.34/0.46/0.0 0.06/0.10/0.0 
19D 0.30 0.12 
17F 0.08 B 
19F 0.16 0.10 
H E 0.24 B 
12E 0.19 B 

Upwind Adjusted 0.023 0.027 
Baseline 

Three Times 0.07 0.08 
Baseline 

B - Below three times adjusted baseline. 
- Control sampling: Benzene N = 3, X = 0.27. J = 0.24. ZRSD = 89 

SO2 N = 3, X = 0.23, J = 0.32. ZRSD = 140 



TABLE 6.1-4. 

SUMMARY OF SURFACE EMISSIONS SURVEY 

Measurement Surface 
Date Location Type Description 

6/7/84 Lab Baseline Blank 
6/7/84 2G GP Sandy S o i l 
6/7/84 3F GP Sandy S o i l 
6/8/84 6'W 64 NGP Dark, O i l y S o i l 
6/8/84 Between 3G/4G NGP Rocky S o i l 
6/8/84 Between 5E/6E NGP S o i l 
6/8/84 6E GP S o i l 
6/8/84 7C GP Sandy S o i l 
6/8/84 Near 6B NGP Moist Waste 
6/8/84 Lab Baseline Blank 
6/8/84 2H GP Background, S o i l 
6/8/84 18E* GP S o i l 
6/8/84 IOD GP S o i l , Vegetated 
6/8/84 Near HE* NGP Oi l y Waste 
6/8/84 Near 8F NGP Hard Waste 
6/9/84 2 2D GP Oi l y S o i l 
6/9/84 18E GP S o i l (Control Point) 
6/9/84 18D GP Dried Mud 
6/9/84 13E GP S o i l , Vegetation 
6/9/84 Lab Baseline Blank 
6/9/84 2H GP Background, S o i l 
6/9/84 Between 6E/7E NGP Dry crust over sump 
6/9/84 8F GP Tar Like Waste 

GP = Gridpoint 
NGP = Non-gridpoint 
LAB = Laboratory 
* Gridpoints found to have gas concentrations above upwind c r i t e r i a . 



TABLE 6.1-5. 

RESULTS OF QUANTITATIVE SURFACE EMISSIONS SURVEY 

Emission Rate (u^/m'^min~^) 

Gridpoint 
THC 

(as benzene) SO2 
Location 
P i t Area 

Near E l l * 1800 43 6 

Near F8 * 1200 22 4 

Near B6 * 261 144 3 

G2 174 14 (old S2 
Designation) 

F3 131 22 2 

C7 871 43 5 

System Baseline or Detection L i m i t * 

44 7.2 

Typical Background Clean Area -H2b 

< 44 65 

Total Average Emissions*= 740 48 

Note that P i t No. 7(7, 7a) showed emissions below baseline and i s not 
reported i n Table 6.1-5. 

*Non-gridpoint locations 

*Instrument detection l i m i t s : 0.1 ppmv (benzene), 0.02 ppmv (SO2) 

'Average of two background measurements 

" Average of random and nonrandom grid points 



TABLE 6.1-6. 

RESULTS OF CANISTER SPECIATION - PERCENT OF TOTAL NONMETHANE HYDROCARBONS 

Location 

Paraffins 

(%) 

Olefins 

(%) 

Total 

Aromatics 

(%) 

Total 

Halogenated 

Hydrocarbons 

(%) 

Total 

Oxygenated 

Hydrocarbons 

(%) 

Sulfur 

Species 

(%) 

Unidentified 

VOC 

(%) 

Total 

Non-Methane 

Hydrocarbons 

(ppbv-C) 

Near B6 13 7 77 1 16* <1 2 6051 

Near E l l 32 11 52 4 31* <1 2 862 

Near F8 22 7 68 2 7* ND 1 687 

•Variable recovery - concentration not used in total nonmethane hydrocarbon calculation . Total percents w i l l be greater than 100. 

ND = Not Detected 



TABLE 6.1-7. 

RESULTS OF CANISTER SPECIATION - DOMINANT SPECIES PER CLASS 

Location P a r a f f i n s Olefins 

Total 

Aromatics 

Total 

Halogenated 

Hydrocarbons 

Total 

Oxygenated 

Hydrocarbons 

Sulfur 

Species 

Near 36 c-2 VOC 

C-3 VOC 

2.3./.. 

Trimethyl-

pentane 

Isobutene + 

1-Butene 

1-Hexene 

P-Xylene/M-Xylene 

C10+ Aromatic 

O-Xylene 

Methylene ch l o r i d e 

Tetrachloroethylene 

Acetone 

Acetaldehyde 

Butyraldehyde 

Butyl Mercaptan 

Near E l l c-2 VOC 

N-Butane 

N-Hexane 

Cyclohexene 

Cyclopentene 

1-Heptene 

P-Xylene/M-Xylene 

O-Xylene 

Ethylbenzene 

T r i c h l o r o f l u o r o 

methane 

Methylenechloride 

Butyraldehyde 

Methanol 

Valeraldehyde 

3-Methylthiophene 

Near F8 N-Hexane 

c-2 VOC 

c-3 VOC 

1- Decene 

A-Pinene 

Cyclohexene 

P-Xylene/M-Xylene 

O-Xylene 

Ethylbenzene 

Methylene ch l o r i d e 

1, 2-°dichloroethane 

Acetone 

Butanone 

Butyraldehyde 

-

Species 

Rank 

(3) c-2 VOC 

(2) N-Hexane 

C-3 VOC 

(2) Cyclohexene (3) P-Xylene/M-Xylene 

O-Xylene 

(2) Ethylbenzene 

(3) Methylene chloride (3) Butyraldehyde 

(2) Acetone 

-

" " indicates l e s s than three species observed for c l a s s . 

( ) = number of occurences as a dominant species. 



TABLE 6 . 1 - 8 . 

RESULTS OF UNCONTROLLED EMISSION MEASUREMENTS 

. - l ^ in-3 Emission Rate (g/m^, min ̂ ) x 1() 
Location THC (as methane) THC (as benzene) SO2 

Pit No. 6 0.49 - 2.5 2.4 - 3.4 130 - 380 

Pit No. 4 0.37 - 4.9 8.4 - 13 3.0 - 35 

Pit No. 7d 0.15 - 0.44 8.2 - 220 49 - 650 



TABLE 6.1-9. 

DISTRIBUTION OF TYPES OF HYDROCARBON SPECIES BY WASTE PIT TESTED 

Percentage of Hydrocarbon Class Per Total Nonmethane Hydrocarbons 

Waste Pit Paraffins Olefins Aromatics Halogenated Oxygenated Unidentified 

Pit No. 6 26 19 27 23 3.0 1.8 

Pit No. 4 35 16 41 8.0 0.27 0.0073 

Pit No. 7d 59 15 22 2.9 0.58 0.32 



TABLE 6.1-10, 

RESULTS OF EMISSION MEASUREMENTS AT TRENCH ffl, PIT No. 6 

Depth 

(ft) 

Foam Emission Rate (g/m^, min ̂ ) X 10~3 Z Reduction i n Emissions 

Average 

Depth 

(ft) Type (as 
THC 

methane)( 
THC 

as benzene) SOo 
THC 

(as methane)(as 
THC 

benzene) SOo Average 

7 None 0.49 3.4 130 NA NA NA NA 

8 None 2.5 2.4 380 NA NA NA NA 

8 FC600 0.99 1.2 99 60 50 75 62 

8 91-59 0.20 2.0 200 90 15 50 52 

8 91-60 0.74 2.2 170 70 10 55 45 

8 92-35 NA 1.1 62 NA 55 85 70 

8 Sanifoam 0.37 1.1 9.4 85 55 95 78 

NA = Not Analyzed 

Note: Percent reduction expressed as controlled (foam) emissions/uncontrolled emissions (no foam) 
X 100. 

Note: The five foams tested are indicated by trace name or code under foam type. 



TABLE 6.1-11. 

RESULTS OF EMISSION MEASUREMENTS AT TRENCH #2. PIT NO. 4 

Depth 

(ft) 

Foam 

Type 

Emission Rate (g/m^. min~^) X 10~3 % Reduction i n Emissions 

Average 

Depth 

(ft) 

Foam 

Type (as 
THC THC 

methane)(as benzene) SOj 
THC 

(as methane)(as 
THC 

benzene) SO2 Average 

2 1/2 None 4.7 8.4 3.0 NA NA NA NA 

3 1/2 None 4.9 13.0 35 NA NA NA NA 

4 None 2.7 8.4 15 NA NA NA NA 

6 None 0.62 10.0 7.4 NA NA NA NA 

7 None 0.37 8.7 4.9 NA NA NA NA 

2 1/2 Sanifoam 1.7 4.8 3.0 65 45 0 55 

3 1/2 91-60 1.5 4.8 5.9 70 65 85 73 

4 92-35 0.44 4.3 15 85 50 oB 68 

6 91-59 0.42 5.4 4.0 30 45 45 40 

7 FC600 0.12 4.6 4.9 70 50 0^ 60 

* Variable waste composition 

b Zero value not averaged i n average emissions reduction. 

Note: Percent reduction expressed as controlled (foam) emissions/uncontrolled emissions (no foam) 
X 100. 

Note: The fi v e foams tested are indicated by trace name or code under foam type. 



TABLE 6.1-12. 

RESULTS OF EMISSION MEASUREMENTS AT TRENCH #3. PIT NO. 7d 

Depth Foam Emission Rate (g/m^. min-•̂ ) X 10-3 Z Reduction i n Emissions 

(ft) Type (as 
THC THC 

methane)(as benzene) SOo 
THC 

(as methane)(as 
THC 

benzene) SOj Average 

2 1/2 None 0.37 8.2 49 NA NA NA NA 

3 None 0.44 11 210 NA NA NA NA 

3 None 0.15 12 650 NA NA NA NA 

4 None 0.20 220 79 NA NA NA NA 

2 1/2 Sanifoam 0.42 9.5 110 -15* -15* -130* NR 

3 91-59 0.30 9.8 200 30 10 5 15 

3 92-35 0.20 18 280 -35* -50* 55 55* 

3-4 91-60 0.12 8.7 98 20 25 85 43 

4 FC600 0.20 57 170 0 75 -120* 75« 

NR = No resu l t . 

* Negative values not used i n average calculation. 

Note: Percent reduction expressed as co n t r o l l e d (foam) emissions/uncontrolled emissions (no foam) 
X 100. 

Note: The f i v e foams tested are indicated by trace name or code under foam type. 



TABLE 6.1-13. 

RESULTS OF THE FOAM TESTING - AVERAGE EMISSION REDUCTION PER WASTE PIT 

Overall Percent Reduction i n Emissions 
Foam Type P i t No. 6 P i t No. 4 P i t No. 7d Overall 

FC600* 62 55 75 64 

91-59* 52 73 15 47 

91-60* 45 68̂ = 43 52 

92-35* 70 40 55 55 

Sanifoamb 78 60*= NR 69 

NR - No r e s u l t . i n homogen ecus waste. 

* Temporary foam (up to 20 -minute duration). 

b Permanent foam (up to 8-hour duration). 

Variable data not included. 

Note: Percent Reduction expressed as controlled (foam) emissions/uncon
t r o l l e d emissions (no foam) x 100. 

Note: The f i v e foams tested are indicated by trace name or code under foam 
type. 



TABLE 6.1-14. 

RESULTS OF FOAM EMISSION CONTROL TESTS USING CANISTER COLLECTED-SAMPLES 

Trench 

ppmv-c/PERCENT REDUCTION IN EMISSIONS 

Control 

Test 

Total 

Total 

Halogenated 

Total 

Oxyenated Unidentified 

Parafins Olefins TNMHC 

tl No Foam 105 79.3 111 95.6 12.2 7.52 411 

NA NA NA NA NA NA NA 

#1 91-59 13.2 3.54 10.9 0.225 3.23 0.498 28.3 

sax 96% 90% 100% 74% 93% 93% 

91 Sanifoam 24.7 5.62 7.43 86.2 3.60 1.47 125 

77% 93% 93% 9.9% 70% 80% 70% 

n No Foam 300 135 356 68.5 2.28 0.0623 859 

NA NA NA NA NA NA NA 

92 91-60 45 20.8 301 93.3 , 5.09 1.86 462.0 

85% 85% 16% -36% -120% -2900% 46% 

92 FC-600 17.1 6.62 36.5 32,8 0.426 1.42 94.5 

94% 95% 90% 52% 81% -2200% 89% 

93 No Foam 162 40.9 61 8.05 1.57 0.872 273.0 

NA NA NA NA NA NA NA 

#3 92-35 46.2 24.3 37.8 11 2.19 0.392 120 

72% 41% 38% -37% -40% 55% 56% 

#3 91-59 60 26.2 61.5 23.4 3.75 0.762 172 

63% 36% -0.80% -190% -140% 13% ' 37% 

NA: Not applicable 

Note: Percent reduction expressed as controlled (foam) emissions/uncontrolled emissions (no foam) x 100. 

Note: The five foams tested are indicated by the trade name or code under Control Test. 



Table 6.2-1 
North Central Canal Discharge 

Sampling 
Stat ion 
I.D. 

Locat ion Cal collated 
Discharge 
(cubic feet 
per second) 

C-l Downstream £1.4 
C-£ 18. 1 
C-3 ftdjacent to S i t e IS. 1 
C-4 £0. 6 
C-5 ££. 6 
C-6 £5. 1 
C-7 18. 4 
C-B 17. 1 
C-9 19. 4 
C-10 17. 1 
C-11 11.9 
C-l£ 16. 7 
C-13 1£. 1 
C-14 15. 7 
C-15 19. 4 
C-16 Upstream 13. 7 
C-17 16. 3 



Table 6.2-2. North Central Canal Water Quality Data 

Level B Analyses 

Condt VolPK S04 A6 n. AS B BA CA CD CO CR CU FE K LI m m 
Area Site pH lug-riios) (ppi) lig/l) (ug/il) (ug/al) (ug/il) (ug/ill (ug/il) lug/al) (ug/il) lug/il) (ug/il) (ug/el) (ug/il) (ug/il) lug/al) (ug/al) lug/al) 

Downstreaa Cnal 1 7.4 35 4.6 (1 8.844 8.877 (8.86 (8.889 8.855 3.2 8.288 (8.886 (8.881 8.882 8.825 8.48 8.883 8.81 18.881 
Cnal 1 7,3 32 8.1 1.888 8.853 8.278 8.26 8.438 8.867 3.4 (8.882 8.815 8.818 8.821 8.842 1.48 8.028 8.96 8.884 
Cnal 2 7.7 33 8.1 1.888 (8.882 (8.85 (8.86 (8.889 8.883 3.2 (8.882 (8.886 (8.881 (8.881 8.813 8.16 (8.8885 8.77 18.881 
Cnal 3 7.7 38 8.1 (8.85 (8.882 (8.85 (8.86 (8.889 8.846 3.1 (8.882 (8.886 (8.881 (8.881 8.815 8.29 (8.8885 8.74 (8.881 
Cnal 4 7.6 38 8.8 8.258 8.849 8.258 8.22 8.378 8.883 3.1 8.822 8.813 8.816 8.818 8.842 1.38 8.819 8.B9 8.885 
Cnal S 7.7 31 8.6 8.278 8.892 8.278 8.26 8.368 8.851 3.2 8.228 8.815 8.819 8.825 8.846 1.48 8.822 8.92 8.884 

Adjacent Cnal 5 7.6 38 8.5 8.298 8.188 8.298 8.28 8.418 8.852 3.2 8.248 8.818 8.821 8.825 8.878 1.48 8.824 8.92 8.885 
to Cnal 6 7.7 38 8.8 8.328 8.894 8.328 8.31 8.468 8.853 3.2 8.138 8.818 8.824 8.838 8.849 1.58 8.826 8.96 8.885 
Site Cnal 7 7,8 31 8.8 8.328 8.869 8.328 8.38 8.388 8.847 3.1 8.824 8.818 8.823 8.831 8.848 1.68 8.827 8.94 8.885 

Cnal 8 8.8 34 8.3 8.898 8.812 8.898 (8.86 (8.889 8.847 3.8 8.887 (8.886 8.884 8.888 8.834 8.53 8.888 8.75 (8.881 
Cnal 9 8.8 34 8.3 8.128 8.857 8.128 (8.86 (8.889 8.842 3.1 8.218 (8.886 8.88S 8.888 8.822 8.54 8.887 8.77 (8.881 
Cnalie 8.8 31 8.8 8.869 8.838 8.869 (8.86 (8.889 8.845 3.2 8.882 (8.886 8.881 8.882 8.822 8.38 8.882 8.79 (8.881 
Cnain 7.9 38 8.8 8.268 8.857 8.268 8.25 8.488 8.857 3.4 8.178 8.815 8.818 8.823 8.849 1.48 8.828 9.95 9.885 
Cnall2 7.6 38 8.8 8.158 (8.882 8.158 (8.86 (8.889 8.854 3.7 (8.882 (8.886 8.848 (8.881 8.248 8.28 (8.8885 8.78 8.826 
Cnall3 7.5 31 8.8 (8.85 (8.882 (8.85 (8.86 (8.889 8.848 3.2 (8.882 (8.886 (8.881 18.881 8.836 8.28 (8.8885 8.74 (8.881 
CnalU 7.5 32 8.8 8.258 8.854 8.258 8.23 8.328 8.846 3.4 8.868 8.813 8.816 8.828 8.845 1.38 8.818 8.94 8.884 
CnallS 7.6 32 8.8 8.178 8.851 8.178 (8.86 (8.889 8.868 4.1 8.248 (8.886 8.814 8.818 8.228 8.41 (8.8885 8.94 8.816 

Upstreaa Cnal16 7.S 34 8.8 8.858 8.847 8.858 (8.86 (8.889 8.838 3.5 8.198 (8.886 (8.881 (8.881 8.821 8.39 (8.8885 8.83 (8.881 
Cnall7 7.7 35 8.8 8.882 8.815 8.882 (8.86 (8.889 8.841 3.4 8.849 (8.886 (8.881 (8.881 8.828 8.27 (8.8885 8.61 (8.891 

Level B Analyses Level C Analyses 

Site P P8 S SB SE SI SR TI V ZN Freon ACDT CL COD HARD PHEN S TOS 
Area lug/ill lug/il) lug/Ill lug/al) (ug/il) (ug/il) (ug/il) (ug/ill lug/il) (ug/al) (ug/l) (ig/l) (ig/l) (ig/l) (ug/al) lng/1) (ug/al) lag/l) 

DoHnstreaa Cnal 1 8.89 (8.88 8.34 (8.83 (8.88 4.6 8.822 8.818 8.889 8.883 2.8 46 (I 8 11.8 8.818 3 824 
Cnal 1 1.98 8.18 1.58 8.11 (8.88 4.6 8.828 8.889 8.876 (8.883 3.6 31 1 8 8.5 8.818 3 861 
Cnal 2 8.76 (8.88 8.56 (8.83 (8.88 4.5 8.819 (8.885 (8.883 (8.883 4.1 24 1 (5 11.8 8.818 4 1118 
Cnal 3 8.75 (8.88 8.52 (8.83 (8.88 4.5 8.828 (8.885 (8.883 (8.883 3.S 25 1 28 11.8 8.816 3 982 
Cnal 4 t.B8 8.16 i.ee 8.18 (8.88 4.5 8.821 8.882 8.86S 8.958 2.6 27 1 (5 11.8 8.816 5 354 
Cnal 4 1.68 8.27 1.28 8.18 (8.88 4.6 8.822 8.118 8.883 8.838 4.9 38 1 (5 12.8 8.818 (1 114 

Adjacent Cnal S 1.98 8.31 1.38 8.18 8.89 4.5 8.822 8.128 8.885 8.886 4.2 29 1 (5 12.8 8.818 3 14 
to Cnal 6 11.88 8.26 1.38 8.13 8.18 4.5 8.821 8.128 8.894 8.884 3.2 25 1 8 12.8 8.889 4 97 
Site Cnal 7 11.88 8.28 1.68 8.12 8.18 4.4 8.828 8.118 8.898 8.88S 3.2 24 1 (5 12.8 8.828 2 846 

Cnal a 18.88 (8.88 8.73 (8.83 (8.88 4.3 8.821 8.815 8.812 (8.883 3.8 25 1 (S 11.8 9.889 (1 125 
Cnal 3 18.88 8.12 8.31 (8.83 (8.88 4.4 8.821 8.825 8.815 8.884 3.2 26 1 (5 II.8 8.818 (1 186 
Cnalie 18.88 <8.8B 8.34 (8.83 4.6 8.828 8.811 8.818 (8.883 3.3 26 1 (5 11.8 8. {189 ll 187 
Cnalll 11.88 8.19 1.58 8.11 8.89 4.7 8.821 8.893 8.879 8.812 2.7 24 1 (5 12.8 8.81S (1 lis 
Cnall2 18.88 (8.88 8.83 (8.83 (8.88 4.6 8.819 (8.885 (8.883 8.884 3.1 24 (1 (S 12.8 (8.885 (1 189 
Cnalll 18.88 (8.88 8.38 (8.83 (8.88 4.6 8.828 (8.885 (8.883 8.884 2.6 24 (1 (S 11.8 8.815 (1 78 
Cnall4 11.(18 8.19 1.B8 8.18 (8.88 4.6 8.823 8.886 8.871 8.883 2.9 25 (1 8 12.8 (8.885 3 1188 
CnallS 18.88 8. IS 8.65 (8.83 (8.88 4.6 8.822 8.828 8.814 8.821 2.7 26 1 S 14.8 (8.(85 (1 1818 

Upstreai Cnall6 9.98 8.11 8.56 (8.83 (8.88 4.7 8.821 8.816 8.818 (8.883 2.2 26 (1 (5 13.8 (8.885 (I 18 
CnalW 9.68 (8.88 8.38 (8.83 (8.88 4.7 8.819 (8.885 (8.883 (8.883 3.3 25 1 (5 12.8 (8.e85 11 18 

MO NA 

8.812 
8.838 

18.882 
(8.882 
8.828 
8.833 
8.835 
8.836 
8.833 
8.818 
8.811 
8.888 
8.831 
8.803 
(8.882 
8.829 
01009 

0a 008 
8.883 

2.7 
2.9 
2.5 
2.6 
2.8 
2.8 
2.8 
2.8 
2.6 
2.4 
2.5 
2.6 
2.9 
2.6 
2.3 
2.7 
2.3 
2.4 
2.3 

Nl 

(8.803 
8.812 
(8.883 
(8.883 
8.80B 
8.818 
8.812 
8.816 
8.816 
(8.883 
(8.883 
18.883 
8.812 
8.884 
(8.883 
8.818 
(8.893 
(8.883 
(8.893 



Table 6. S-3. North Central Canal Sediinent Lithologies 

Sample Depth 
Area Location (feet) 

Sedinent 
Lithology 

Dotmstrean C-l 0-0.4 Gray clayey silt <«L) 
0.4-1 Red-brown clayey sand (SC) 

C-2 0-0.4 Gray clayey silt (ML) 
0.4-1 Red-brown clayey sand (SC) 

C-3 0-0.4 Gray clayey silt (ML) 
0.4-1 Red-brottn clayey sand (SC) 

C-4 0-0.4 Gray clayey silt (ML) 
0.4-1 Red-brown clayey sand (SC) 

Adjacent to C-S 0-0.5 Gray clayey silt (ML) 
Site O.5-0.B Red-brown clayey sand (SC) 

0.8-1.i Red-brown silty clay (CL) 

C-6 0-0.2 Dark gray clayey silt (ML) 
0.2-0.8 Gray & red-brown clayey sand (SC) 
0.8-1.5 Brown sand (SP) 

C-7 0-0.7 Gray & red-brown clayey sand (SC) 
0.7-1.2 Red-brown sand (SP) 

C-8 0-0.2 
0.2-0.4 
0.4-1.2 

•Gray silty clay (CL) 
Black sand (SP) 
Brown sand (SP) 

C-9 0-0.4 Gray sandy clayey silt (ML) 
0.4-1.3 Brown sand (SP) 

flrea 
Sample Depth 
Location (feet) 

Sediment 
Lithology 

Adjacent to C-10 0-0.3 Gray sandy clayey silt (ML) 
Site 0.3-1.3 Gray-brown silty sand (SM) 

C-11 0-0.2 Gray silty clay (CL) 
0.2-0.7 Gray silty sand (SM) with tar 
0.7-1.1 Gray silty clay (CL) 

C-12 0-0.2 Gray sandy clayey silt (ML) 
0.2-0.8 Brown sand (SP) with tar 
0.8-1.0 Gray clay (CL) 

C-13 0-0.5 Gray clayey silt (ML) 
0.5-1.2 Brown-gray silty sand (SM) 
1.2-1.4 Gray silty clay (CL) 
1.4-1.5 Brown-gray silty sand (SM) 

C-14 0-0.3 Gray sandy clayey silt iVL) 
0.3-1.3 Gray-brown silty sand (SM) 

Upstream C-15 0-0.3 Gray sandy clayey silt (ML) 
0.3-1.3 Gray-brown silty sand (SM) 

C-16 0-0.4 Gray silty sandy clay (CL) 
0.4-1.2 Brown-gray sand (SP) 



Table 6.2-4. North Central Canal Sedinent Rnalyses 

Condt VolPK 0(G PHEN 504 BA Cfl CD CO CR CU M6 m NI PB SE M V ZN 
ftrea Site pH (ug-iriiDS) (ppi) (ug/g) (ug/g) (ug/g) (ug/g) (\ig/g) (ug/g) (ug/g) (ug/g) (ug/g) (ug/g) (ug/g) (ug/g) (ug/g) (ug/g) (ug/g) (ug/g) (ug/g) 

DoMnstreaa Cnal 1 S.B 5.0 1.5 3100 (0.05 15 75 1700 1.4 9.0 57.0 38.0 4700 3.5 E2.0 8 (8 (9 25 63 
Cnal 1 7.3 12.0 1.5 ssia 0. IS 20 71 1899 1.0 10.0 54.0 46,0 5190 3.S 66,0 <B (8 (9 2B 72 
Cnal 2 5.e 1S.0 3.0 2200 (0.05 (10 83 2100 0.5 13.0 65.0 23.0 5700 2.0 78,0 (8 (8 (9 32 66 
Cnal 3 6.1 95.0 0.2 1391 (0.95 (10 27 1400 (0.2 5.0 31.0 9,6 2900 2.4 43,0 8 (8 (9 20 44 
Cnal 4 6.0 40.0 0.2 1809 (0.05 (10 99 2300 3.2 12.0 82.0 45,0 6200 2.3 81,0 10 (8 <9 32 72 
Cnal 4 W 0.2 3800 (0.05 (10 45 1309 1.0 8.6 39.0 14,0 3100 3.9 41.0 (8 (B (9 29 36 

Rdjacent Cnal S 6.0 100.0 0.2 1900 (0.05 23 85 1900 0.9 11.0 70.0 36,0 5400 2.0 72,0 15 (B 10 29 73 
to Cnal 6 6.3 50.0 0.1 2100 (0.05 (10 43 1100 1.2 18.0 23.0 9,0 2300 4.0 42.0 8 (8 12 22 23 
Site Cnal 7 6.7 16.0 0.0 1400 (0.05 (10 43 1300 0.8 6.8 33.0 23.0 3100 2.0 40,0 (8 10 (9 18 41 

Cnal 8 6.0 70.0 0.5 m Nfl m Nfl Nfl Nfl Nfl Nfl Nfl Nfl Nfl Nfl Nfl Nfl Nfl Nfl Nfl 
Cnal 9 5.7 35.0 0.0 2300 (0.05 22 36 1400 1.0 8.9 32.0 13,0 2700 4.0 37,0 (8 (B (9 27 33 
Cnalia 5.5 45.0 0.0 4300 (0.05 (10 27 1500 2.5 7.0 18.0 12.0 2800 4.4 9,0 13 (8 (9 31 42 
Cnain 6.6 5.5 0.0 3600 (0.05 (10 35 1500 0.8 5.0 16.0 9.0 3000 2.0 6,9 14 (8 (9 16 41 
Cnal12 5.9 40.0 0.2 5400 (0.05 (10 20 1100 (0.2 2.8 7,5 7.1 2100 1.4 4,7 19 (8 (9 13 35 
Cnall3 6.6 22.0 0.0 VH NR NR Nfl Nfl Nfl Nfl Nfl Nfl Nfl Nfl Nfl Nfl Nfl Nfl NR Nfl 
Cnal14 6.2 24.0 0.0 2400 (0.95 (10 22 1100 (0.2 5.0 24.0 7.1 2400 1.4 41,0 (8 (8 (9 11 19 
CnallS 6.3 60.0 0.0 2609 (0.05 (10 52 1300 3.2 9.9 40.0 21.0 3400 4.7 44,0 (8 (B (9 33 41 

Upstreaa CnallG 6.0 24.0 0.0 1600 (0.95 (10 39 1500 1.2 B.1 52,0 1S.0 3500 3.0 59.0 14 <B (3 22 37 
Cnal17 5.9 23.0 0.0 338 0.32 (10 48 1300 0.7 8.3 40.0 16.0 3600 3,4 50,0 (8 (B <9. 25 38 

Notes: 
NR Not Analyzed 



Table 6.4-1. Level B Surface Soil Suioiary 

Ultiaate/Proxioate Analyses 

Sample Condt VolPK DNS PB PHEN 
Area No. Site pH (ug-ohos) (ppa) (uo/g) (up/g) lug/g) 

Frontyard S021 Dl 3.0 fiSO 1.6 54000 1700 (0.05 
S032 HS 4.7 12S0 NA 76000 460 O.ll 
S033 H3 5.3 1950 1.0 2S0O0 570 0.S5 
S043 C4 4.6 1450 1.7 45000 660 3.90 
5043D C4 4.5 1500 1,9 57000 540 0.41 
S046 F4 S.1 375 10,1 130000 330 0.99 
S047 S4 5.7 1750 3.8 IIOOOO 1500 11.00 
SOSO ES 6.3 1900 1.1 3600̂  870 O.SS 
S0S2 E5 6.0 550 6.7 67000 1800 0.33 
S0S9 CS 4.5 950 0.9 39000 1S50 (0.05 
S0&3 66 6.9 1400 7.3 32000 670 0.1S 

Pit 1 S0&4 H6 4.6 SSSO 1.3 64000 610 0.31 
Pit 1 soes H7 3.0 750 1.1 32000 970 0.S1 

8068 E7 2.9 1700 1.3 55000 4600 3.00 
S069 07 2.5 3000 1.1 480000 8300 1,30 
S070 Cl E.S S500 I.S S90000 21000 3.30 

Backyard S071 DS 3.6 3000 1.3 4000 210 (0.0S 
Pit 6 soes EIS 7.5 370 0.6 S6 SS (0,05 
Pit 6 SOSSD EIS 7.4 220 0.5 6900 300 (0,05 
Pit 7 S094 E16 7.5 SSS 0.1 8300 ISO (O.OS 
Pit 7 S113 E23 8.6 25 0.2 11000 350 (0.05 
Pit 7 SllS FS5 2.2 4200 1.0 110000 6S00 0.3S 
Pit 7 SISS 614 5.0 S70 2.0 SSOOO 4400 0.31 
Pit 7 Si34 622 I.S 29000 4,5 S90000 4000 S.20 
Pit 7 S137 ESS 3.6 300 3.5 150000 6600 3.00 
Pit 7 5143 FS6 1.3 22000 5.7 3SO0O0 5800 6. SO 
Pit 7 S144 I.S 45000 0.7 5S0000 4500 13.00 
Pit 7 S14S FS4 0.9 70000 1.3 SIOOOO 9400 3.30 
Pit 7 S146 F17 l.B 3900 4.0 330000 1450 3. SO 
Pit 7 S146D F17 S.4 SlOO S.1 S30000 4500 3.20 
Pit 7 S147 Di9 5.1 ISO 33.0 3S0000 BIO 0.3S 
Pit 7 S148 016 1.1 60000 S.5 S90000 6060 1.10 
Pit 5 5149 ElO S.5 3100 S5.0 190000 4400 0.67 
Pit 6 SISO EU 3.8 950 1.7 340000 900 0.93 

Offsite SlSl Cl £.9 SS 1.3 130 145 (0.05 
S1S3 NUPC 7.1 Sl 0.6 4S00 34 0.38 
S135 7.4 9 1.5 4100 SS 0.34 
5161 6.1 14 1,7 6400 160 (0.0S 
S16S 6.2 7 0.S 4100 350 (0.05 
S170 >B12 1.2 40000 1.3 S30000 5700 O.OS 
S171 NUPC 0.7 >100000 4.0 400000 3700 14.00 
S171D Ntf>C 1.0 55000 S.6 330000 19S0 (0.03 
5546 HIS 5.9 900 0.7 S4000 1600 0.17 
5547 H19 S.1 80 0,6 39000 13S (0.05 
5548 K20 6.S 100 I.S 79000 1330 (O.OS 
SSSl HS3 5.7 ISO 0.3 ISOOO 130 (O.OS 
5555 HS4 5.1 55 0.4 SOOOO 34000 0.76 
5556 GSS 1.9 SSOO 0.7 600000 7600 5.60 

ta 
calc. by 

tc KH %N )LS tASH 
BTU/ 

LB 
*VOL 
HATfi 

v n *DRY-
CARB LOSS 

9.54 12,17 
3.21 6.61 
0,66 5.66 
6.60 5.63 
4.33 4.SS 

33.91 IS.SS 
10. Si 8.96 
6.29 3.71 

S5.S1 16.33 
1.09 3.S4 
3.67 3.4S 
4.33 5.51 
7.73 4.55 

11.15 10,56 
33.24 39.03 
31.16 40,53 
4.SS 0.43 

S.01 
1.59 
3.29 
3.83 

1.27 
l.SS 
S.6S 
1.81 
S.S3 10.37 
S.96 7,77 

86.24 44.34 
8.51 33.75 

37.47 37.33 
35.S3 39.46 
31.93 40.67 
SB. 13 44.19 
3S.05 44.3S 
19.33 30.41 
35.63 44.76 
16.98 31.17 
14.S3 49. Sl 
3.93 1.03 

0.37 
0.34 
1.36 
1.69 

1.53 
1.33 
5.66 
3.36 
29.66 35.34 
35.47 4S.14 
S0.S6 4S.S0 
3.64 1.9S 
3.16 3,14 
13,15 7,44 
S.99 10.43 
5.14 S.43 
36.70 33.50 

3.19 
0.95 
0.91 
0.94 
0.95 
4.37 
3.09 
0.96 
4.70 
O.SS 
0.94 
1.35 
1.14 
S.27 
6.45 
6.95 
0.73 
0.31 
0.34 
0.32 
0.45 
1.51 
1,35 
7.77 
3.93 
S.S4 
8.55 
7.S9 
7.70 
7.94 
4.60 
7.57 
4.70 
7.94 
0.15 
0.11 
0.15 
0.64 
0.62 
6.42 
8.39 
S.30 
0.43 
0.33 
1.34 
l.SS 
1.45 
5. IS 

0.S1 
0.03 
0.03 
0.05 
0.06 
0.06 
0.05 
0.19 
0.07 
0.10 
0.11 
0.05 
0,06 
0.15 
0.36 
0,39 
0.OS 
0.07 
0.05 
0,09 
0.08 
0.14 
0.09 
0.33 
0.11 
0.35 
0.33 
0.31 
0.34 
0.37 
0.06 
0.37 
0.08 
0.03 
0.10 
0.06 
0.06 
0.13 
0.10 
0.3S 
0.30 
0.33 
O.OS 
0.06 
0.05 
O.OS 
0.04 
0.31 

0,31 7S.58 
0.33 88.97 
0.43 93.31 
0.30 S5.59 
0.34 S9.S4 
0.32 53.36 
0.49 77.60 
0.31 88,64 
0.43 52.91 
(0.1 94.12 
0.33 91.37 
0.53 88,34 
0,39 86.13 
0.64 75.18 

3381 15.99 10,01 
1373 8,31 0.02 
920 7.24 (0.01 
1309 7.79 1,57 
1087 7.06 (0.01 
4610 24.93 
1970 13.55 
853 5.43 
3330 15. SS 
633 5.35 
469 3.64 

5.70 

S.67 
3.70 
0.85 
4.05 
3.39 

lOSO 
995 
3390 

3.75 19.96 
1.21 S.33 
0.46 5.48 
3.39 37.35 
0.04 0.59 
0.37 4.53 
0.39 3.37 

6.53 (0.01 3.06 
8.90 3.53 13.39 

3.14 16.79 113S9 56,03 10,33 16.86 
3.67 33.35 S3S1 38,51 16,10 17.04 
0.98 93,33 
0.49 95.85 
(0.1 95.30 
0.30 94.33 
(0.1 94,83 
0.78 84.47 
0.94 86.99 

4.88 11.31 
7.36 8.53 
5.34 12.94 
8.34 11.30 
8.20 11.22 
0.73 54.33 
6.61 13.95 
3.04 53.03 

(100 1.29 0,35 S.13 
179 3.97 (0,01 0.49 
13S 3,11 0,03 0.66 
340 4.91 (0.01 1.18 
3S4 4,69 (0,01 0.68 
1875 13.37 1,03 1.33 
1333 9.42 (0.01 4.01 

7.33 14.09 102SS 70.73 10.14 5.04 
1.54 63.07 3906 37.03 1.36 9.54 

9397 66.33 6.54 15.83 
9364 57. S6 7.94 15.63 
9393 57.13 10.73 9.30 
9693 73.06 12.36 3.23 
9125 70.15 9.34 8.73 
4703 29.60 10.01 15.33 
9160 74.05 8.66 4.33 
4342 36.14 (0.01 11. oe 

1.50 25.89 10540 51.12 18.50 4.49 
10.1 94.80 (100 1.70 0.26 3.34 

(0.1 97.93 
(0.1 93.11 
(0.1 93.31 
(0.1 94.33 
4.95 33.35 
5,63 13.17 
6.61 15.35 
(0.1 94.35 
(0.1 93.04 
0,17 73.84 
0.10 78.55 
(0.1 84.95 
3.54 30.S3 

1.63 (0.01 
i.ea (0.01 
4.09 (0.01 
3.33 (0.01 

(100 
(100 
(100 
113 
7693 53.31 
9853 53.30 
9643 66.34 
353 3.85 
835 4.SS 
1570 11.14 
1793 5.31 11.76 
1888 10.73 2.53 

0.67 
0.53 
3.14 
2.06 

4.00 14.34 
7.09 13.54 
6.46 11.95 
0.29 2.01 
1,39 
7.37 

0.53 
2.53 
3.38 
1.79 

8506 49.15 5.01 15.01 



Table 6.4-2. Surface Soil Metals Sumnary 

Sanple Acidity AG AS BE CD CR CU NI PB SB SE 504 TL ZN 
flrea No. Site (ug/g) (ug/g) (ug/g) (ug/g) (ug/g) (ug/g) (ug/g) (ug/g) (ug/g) (ug/g) (ug/g) (ug/g) (ug/g) (ug/g) 

Frontyard S04G F4 1200 3.5 3.9 0.3 1.6 7 18 1B.0 330 (0.3 0.2 290 (0.1 52 
S047 G4 150 6.7 3.4 0.4 4.3 11 38 11.0 770 0.7 0.3 3510 (0.1 130 
S052 E5 370 5.1 2.6 0.4 3.3 17 27 23.0 880 1.3 0.4 330 (0.1 110 
S06B E7 3000 3.2 2.2 0.4 1.3 16 19 14.0 320 0.9 0.1 2710 (0.1 270 
S069 D7 390 3.2 1.4 0.2 6.5 25 69 5.9 9400 3.4 0.2 945 (0.1 320 
S070 C7 19000 5.5 4.6 0.2 8.7 28 110 11.0 8200 (0.3 0.2 6760 (0.1 620 

Backyard S071 DB 460 0.6 14.0 (0.1 1.1 25 19 22.0 190 (0.3 0.3 9530 (0.1 36 
Pit 7 S134 622 220000 5.2 0.9 0.2 11.0 39 180 12.0 6100 3.7 0.2 71000 (0.1 1900 

S143 F26 50000 B.B 3.8 (0.1 7.5 40 200 10.0 6400 3.4 0.2 14500 (0.1 1500 
S144 77000 2.8 1.3 0.2 7.7 36 120 11.0 2800 1.5 0.1 39500 (0.1 1900 
S145 F24 47000 B.9 1.3 0.2 12.0 45 160 13.0 5400 2.7 0.1 77000 (0.1 2100 

Pit 6 S150 EU 510 9.7 B.B (0.1 5.B 33 95 25.0 2200 2.0 0.4 2000 <0.1 510 
Offsite 5151 Cl 330 6.9 3.0 0.4 2.0 14 32 12.0 160 (0.3 (0.1 98 (0.1 130 

sisg NHPC 140 5.3 17.0 0.5 2.0 15 16 29.0 14 (0.3 0.2 61 (0.1 81 
S1G3 NWPC 29000 6.B 5.4 0.6 3.6 14 40 21.0 1B0 (0.3 0.2 315 (0.1 160 
S552 H24 370 7.2 2.9 (0.1 6.9 17 35 24.0 19 (0.3 (0.1 9.4 0.1 160 

California Standard - Total 
Threshold Limit Concentration — -) none 500 500 75 100 500 2500 2000 1000 500 100 none 700 5000 



Table 6.'t-l. Surface Soils Organics Sunnary 

Volati'.es Base/Neutral Extractables 
¥U1 vol. B/N 

Sanole Peak R)en 4V 7V IIV 3SV 44V .95V 66V 87V 558 73B 768 81B TOTAL TOTAL TOTAL 
Area No. Site (Doa) lup/gl lug/kp> lup/kg) lup/kpl (up/kpl (ug/kp) lup/kp) (ug/kg) lug/kg) lug/kq) (ug/kg) lup/kg) lup/kgl lup/kp) lug/Kg) lug/kpi 

Frontyard S046 F4 10.1 0.99 0 0 0 0 0 0 0 700 0 0 0 0 700 700 0 
5047 64 3. a 11.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
S052 ES 6.7 0.33 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
S063 E7 1.3 2.00 0 0 0 1200 0 2200 1800 0 0 0 0 0 5200 5200 0 
S069 D7 1.1 1.30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
S070 C7 1.8 2.30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Backyard S07I DS 1.3 (0.05 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pit 7 S134 G22 4.5 3.30 0 0 0 lluOO 0 0 0 0 105 0 0 45 11150 11000 150 

5143 F25 5.7 6. BO 900 0 3300 5700 0 1700 9000 3700 0 0 0 0 33900 22500 0 
5144 0.7 12.00 200 1600 900 0 2600 500 3400 1300 0 0 0 0 10600 10600 0 
5145 F24 1.3 3.30 0 0 0 100 0 0 0 0 0 55 55 0 210 100 110 

Pit 6 5150 Ell 1.7 0.93 0 0 0 300 0 0 0 0 0 0 0 0 300 300 0 
Offsite 5151 Cl 1.3 (0.05 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

5159 NUPC 3.0 NA 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
5163 NUPC 2.S NA 0 0 0 0 0 0 34 0 0 0 0 0 34 34 0 
5552 H24 ND NA 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Notes: 
Key to Organic coapounds presented in Table 6.4-5 



TABLE 6.4-4. Occurrence of Organic Cotooounds in Soil SaioDles 

Surface Soil Subsurface Soil 

Type of List of Detected Organic Nuaber of Concentration Nuaber of Concentrat ion 
Analysis Coopounds Occurances Range (pob) Occurances Range (opb) 

8240 Benzene 2 200-500 ' 9 150-1400 
Chlorobenzene 1 1600 7 70-3200 
1,2-Dichloroethane 0 1 290 
1,1,l-Trichloroethane 2 900-2300 5 82-950 
1,2-Trans-Dichloroethylene 0 1 220 
1,2-Dichlorooroijane 0 1 400 
Ethylbenzene 5 100-11000 15 12-12500 
Methylene Chloride 1 £600 5 160-4430 
Tetrachloroethylene 3 600-2200 12 57-4400 
Toluene 4 34-9000 16 16-17600 
Trichlorethylene 3 700-3700 12 160-8500 

8270 Napthalene 1 105 2 10-12000 
Di-n-Octyl-Phthalate 0 1 4000 
Benzo (a) Anthracene A 1 55 0 
Anthracene B 1 55 0 
Phenathrene B 1 45 0 



TABLE 5.4-4. (continued) 
Occurrence of Organic (̂ pounds in Soil Sanples 

Surface Soil Subsurface Soil 

Type of 
Analysis 

GC/MS 
Characterization 

List of Detected Organic Number of Concentration Nuaber of Concentration 
Compounds Occurances Range (ppb) Occurances Ranee (pob) 

1,1,3-trinethy1 cyclohexane 1 1600 0 
1,2,3-trinethyl cyclohexane 1 900 0 
l-decene-8-aethyl 0 1 200 
1-pentanaoine 1 60 0 
2 nethyl butanoic acid,methyl ester 1 270 1 600 
2,3-diiiiethyl cyclohexanone 2 1300-2000 0 
2-butanorie 3 9400-10400 6 65-9700 
2-hexanone 1 800 5 66-3600 
2-pentene,3,4-diaethy1 1 700 0 
4-methyl 2-pentanone 1 120 1 430 
9-nonBne diol 1 800 2 290-300 
acetic acid anhydride 1 200 0 
acetic acid, nethyl ester 3 2100-4400 1 3500 
acetone 2 600-6000 3 450-5700 
bicyclo nonene (C9H16) 0 1 80 
brofflo-butane 1 5000 1 400 
butanoic acid, nethyl ester 2 300-950 0 
cyclo hexane, cyclo propyl 0 1 60 
cyclo octane 1 2400 1 170 
decane . 1 300 0 
diethyl nethyl cyclo hexane 0 1 1800 
dimethyl cyclo hexanone 0 4 200-600 
dinethyl cyclo octane 2 2200-7000 11 300-8000 
dinethyl heptane 0 2 356-5000 
dinethyl octane 1 1400 0 
ethyl cyclohexane 1 800 0 
hexanoic acid, nethyl ester 3 300-8000 1 800 
nethyl cyclo hexanone 1 200 0 
nethyl cyclohexane 2 300-1500 2 1500-5000 
nethyl decene 0 1 £60 
propanoic acid, nethyl ester i 700 0 
pr̂ opyl benzene 0 1 4000 
styrene 0 2 120-120 
tetra nethyl cyclopentane 0 2 150-400 
trimethyl cyclohexane 1 450 6 30-8000 
triotethyl heptane 1 600 0 
xylene 5 170-11000 23 74-31000 



Table 6.4-5. Key to Organic Cheaical Symbols 

EPfl Method 8248 (soil) 
EPfl Method 624 (water) 

EPA Method 8278 (soil) 
EPA Method 635 (Hater) 

EPfl Method 8278 Isoil) 
EFfl Method 825 Ixater) 

EPfl Method 681 EPfl Method 602 Volatile Caipounds flcid Ccfiipourids Base/Neutral Cosipounds 

681 1 chloromethane 682 1 benzene 2 V acrolein 21 A 2,4,6-t ri ch1oropheno1 1 B acenaphthene 
681 2 brcnonethane 682 2 toluene 3 V acrylonitrile 22 A p-chloro-a-cresol 5 B benzidene 
681 3 vinyl chloride 682 3 ethyl benzene 4 V benzene 24 A 2-chlorophBnol 8 B 1,2,4-trichlorbBnzene 
681 4 chloroethane 682 4 1,3-dichlorobenzerie 6 V carbon tetrachloride 31 A 2,4-dichlorophBnol 9 B hexachlorobenzene 
681 5 aethylene chloride 682 5 1,2-dichlorDbenzEnB 7 V chlorobenzeriB 34 fl 2,4-diiiiBthylphenol 12 B hexachloroethane 

sei 6 trichlorofluoromethane 683 6 1,4-dichlorobenzene 18 V 1,2-dichloretharie 57 fl 2-nitrophenol 18 8 bi5(2-chloroethyl) ether 
681 7 1,1-dichloroethene 11 V 1,1,1-trichloroethane 58 fl 4-nitrophenoI 28 B 2-chloronaphthalene 
681 B 1,l-dichloroethane 13 V 1,l-dichloroethane 59 A 2,4-dinilrophBnol 25 B 1,2-dichlorobenzBne 
681 9 trans-1,2-dichloroethene 14 V 1,1,2-trichloroethanB 68 A 4,6-dinitro-o-crBsol 26 B l,3-dichlorob6nzenB 
681 18 chlorofora 15 V 1,l,2,2-tetrachloro8thane 64 A pentachlorophenol 27 B 1,4-dichlorobenzene 
681 11 1,2-dichloroethane 16 V chloroethane 65 A pheriol 28 B 3,3'dichlorobenzidine 
681 12 1,1,1-trichIoroethane 17 V bislchlorcnethyllether 35 B 2,4-dinitrotoluBne 
681 13 carbon tetrachloride 19 V 2-chloroethylvinyl ether 36 B 2,6-dinitrotoluBrie 
681 14 bromodichloromethane 23 V chlorofora 37 B 1,2-diphenylhydrazine 
681 15 1,2-d ichloropropane 29 V 1,1-dichloroethene 39 B fluoranthene 
681 16 trans-l,3-dichloropropene 38 V t rans-1,2-<J ich lorethene 48 B 4-chlorophBnyl phenyl ether 
681 17 trichloroethene 32 V 1,2-dichloropropane 41 B 4-broMophBnyI phenyl ethBr 
681 18 dibroaochloroaethane 33 V/C cis-l,3-dichloropropene 42 B bisl2-chloroi5opropyl) ether 
681 19 1,1,2-trichloroethane 33 V/T trans-1,3-dichloropropene 43 B bisl2_chloroethoxy) aetharie 
681 28 ci s-1,3-dich1oropropene 38 V ethyl benzene 52 B hexachlorobutadiene 
681 21 2-chloroethylvinyl ether 44 V methylene chloride 53 B hexachlorocyclopentadiene 
681 22 broaofora 45 V •ethyl chloride 54 B isophorone 
681 23 1,1,2,2-tetrachloroethane 46 V methyl broaide 55 B naphthalene 
681 24 tetrachloroethene 47 V bronofora 56 6 nitrobenzene 
681 25 chlorobenzene 48 V dich1orobroaooethane 61 B n-nitrosodimethylaBine 
681 26 1,3-dichlorobenzene 49 V trichlorofluoromethane 62 B n-nitrosodiphenylaaine 
681 27 1,2-dichlorobenzene 58 V dichlorodifluoromethane 63 B n-nitrosodi-n-propylaaine 
681 2S 1,4-dichlorobenzene 51 V chlorodibroaoaethane 66 B bisl2-ethylhBxyl) phthalate 

85 V tetrachloroethene 67 B butyl benzyl phthalate 
B6 V toluene 68 B di-n-butyl phthalate 
87 V trichloroethene 69 B di-n-octyl phthalate 

sa V vinyl chloride 78 B diethyl phthalate 
71 B dimethyl phthalate 
72 B benzo la) anthracene 
73 B benzo la) pyrene 
74 B 3,4-benzofluoranthene 
75 B bBnzo (k) fluoranthBne 
76 B chrysBnB 
77 B acenaphthylene 
78 B inthracene 
79 B benzo (ghi) perylene 
88 B fluorene 
81 B phenanthrene 
82 B dibenzo la,h) anthracene 
83 B indeno ll,c,3-cd) pyrene 
84 B pyrene 
129 B dioxin 



TABLE 6.5-1. 

SUMMARY OF EMISSIONS WITH DEPTH 

BOREHOLE #B-1 AT GRID POINT E3 

Total Hydrocarbons Total Hydrocarbons 

(as methane) (as benzene) Sulfur Dioxide 

Depth (ye/m"' -min) ̂  (ue/m - min)~^ (ue/m - min)~^ Gas Canister 

(ft) C Peak C SS C Peak r, SS Peak C SS # 

5' 7 4.7E4 10 1.4E4 7 5.3E5 21 2.OES 0 0 0 0 

10' 1 3.6E3 10 9.5E2 1 6.6E4 16 2.0E4 0 0 0 0 

15' 1 4.3E3 3 3.6E3 1 2.9E4 5 1.8E4 0 0 0 0 A340 

Baseline 1190 1190 115 115 19 19 
Emissions 

Scientific Notation: 4.7E4 = 4.7 x 10̂  = 47,000 

SS - Steady State 

^ - Isolation Flux Chamber Residence Times (1 = 0.96 min) 



TABLE 6.5-2. 

SUMMARY OF EMISSIONS WITH DEPTH 

BOREHOLE #B-2 AT GRID POINT DIO 

Total Hydrocarbons Total Hydrocarbons 

(as methane) (as benzene) Sulfur Dioxide 

Depth (lE/m2 - min) -1 
• o _ 
(ue/m'' - min) 

1 ive.lm^ - min)~^ Gas Canister 

(ft) ^ Peak C SS ^ Peak C SS Peak c. SS # 

5' 5 4.0E4 21 1.7E3 5 7.6E4 21 3.5E4 5 8.2E4 21 4.7E3 

10' 1 5.2E5 10 1.4E4 3 1.1E5 10 5.2E4 1 1.0E4 10 2.8E3 A364 

15' 15 6.2E5 35 3.6E4 4 8.4E4 28 2.9E4 2 7.6E3 30 2.8E3 

20' 3 1.4E5 24 4.3E3 1 1.1E5 22 1.7E4 2 7.6E3 8 2.8E3 

25' 3 1.4E6 19 4.0E3 5 1.4E4 21 3.2E3 4 2.8E3 7 1.9E3 

Baseline 1190 1190 115 115 19 19 
Emissions 

Scientific Notation: 4.7E4 = 4.7 x 10̂  = 47,000 

SS - Steady State 

C - Isolation Flux Chamber Residence Times (1 = 0.96 min) 



TABLE 6.5-3. 

SUMMARY OF EMISSIONS WITH DEPTH 

BOREHOLE #B-3 AT GRID POINT El7 

Total Hydrocarb ons Total Hydrocarbons 

(as methane) (as benzene) Sulfur Dioxide 

Depth (.Valto^ - min) 1 (ue/m - min) 1 (ue/m - minj -1 Gas Canister 

( f t ) ? Peak SS Peak SS Peak C SS 

7 1/2' 3 2.4E4 28 2.4E3 27 1.2E5 30 8.4E4 4 2.8E3 29 3.8E2 

12 1/2' 3 4.5E3 15 1.4E3 4 1.1E4 17 3.9E3 2 2.4E3 8 9.5E2 A373 

15' 16 3.6E3 21 2.8E3 2 1.2E4 23 2.7E3 3 1.9E3 10 9.5E2 

20' 2 7.6E3 8 9.7E2 2 1.6E4 14 5.8E2 3 1.9E3 10 1.0E3 

25' 3 1.5E3 10 7.1E2 4 1.8E3 15 1.2E2 2 1.9E3 2 1.9E3 

Baseline 1190 1190 115 115 19 19 
Emissions 

Scientific Notation: 4.7E4 = 4.7 x 10^ = 47,000 

SS - Steady State 

C - Isolation Flux Chamber Residence Times (1 = 0.96 min) 



TABLE 6.5-4. 

SUMMARY OF EMISSIONS WITH DEPTH 

BOREHOLE #B-4 AT GRID POINT F20 

Total Hydrocarbons Total Hydrocarbons 

(as methane) (as benzene) Sulfur Dioxide 

Depth (ue/m - min) ̂  (ue/m - Tj tin) 1 (Ut/m2 - min)"^ Gas Canister 

( f t ) ? Peak 5 SS C Peak t; SS r Peak C SS # 

7 1/2' 1 4.3E3 21 1.1E3 3 2.5E3 21 9.2E2 0 0 0 0 

10' 1 1.7E5 5 1.8E4 3 4.6E3 16 2.9E3 0 0 0 0 

15' 3 3.8E3 21 2.4E3 5 1.7E3 21 6.9E2 0 0 0 0 A390 

20' 21 2.4E3 21 2.4E3 5 9.2E2 21 4.6E2 0 0 0 0 

Baseline 
Emissions 

1190 1190 115 115 19 19 

Scientific Notation: 4.7E4 = 4.7 x 10^ = 47,000 

SS - Steady State 

C - Isolation Flux Chamber Residence Times (1 = 0.96 min) 



TABLE 6.5.-5. 

SUMMARY OF EMISSIONS WITH DEPTH 

BOREHOLE #B-5 AT GRID POINT E13 

Total Hydrocarbons Total Hydrocarbons 

(as methane) (as benzene) Sulfur Dioxide 

Depth (Ue/m̂  - min) -1 
o _ 

(ue/m - min) 
1 (LK/m2 - min) -1 Gas Canister 

(ft) ^ Peak SS ^ Peak C SS C Peak C SS # 

5' 3 2.8E3 16 1.9E3 3 1.4E4 16 1.3E4 3 9.0E4 16 4.7E4 

10' 10 5.9E5 16 4.3E5 5 6.5E4 21 4.6E4 5 3.3E6 16 2.7E6 A414 

15' 5 1.4E6 21 8.3E5 5 1.0E5 21 6.2E4 1 9.5E4 21 3.8E4 

20' 21 1.0E6 21 9.5E5 21 6.8E4 21 6.8E4 10 1.7E4 16 1.4E4 

25' 1 1.1E6 16 2.8E5 1 6.2E4 16 2.5E4 3 1.9E4 3 4.7E3 

Baseline 1190 1190 115 115 19 19 
Emissions 

Scientific Notation: 4.7E4 = 4.7 x 10* = 47,000 

SS - Steady State 

C - Isolation Flux Chamber Residence Times (1 = 0.96 min) 



TABLE 6.6-6. 

SUMMARY OF EMISSIONS WITH DEPTH 

BOREHOLE #B-6 AT 11.5'N. 14'W OF GRID POINT E6 

Total Hydrocarbons Total Hydrocarbons 

(as methane) (as benzene) Sulfur Dioxide 

Depth (Vfe/m2 - min) -1 (ue/m"' - n lin) 1 (ue/m^ - min)~^ Gas Canister 

( f t ) ^ Peak SS C Peak SS C Peak SS 

5' 16 >2.4E6 21 1.1E6 5 1.8E4 21 1.7E4 16 1.9E3 16 1.9E3 A429 

10' 3 >2.4E6 16 2.0E6 1 >2.3E6 1 >2.3E6 3 1.9E3 3 1.9E3 

15' 3 >2.4E6 3 >2.4E6 5 2.4E4 5 2.3E4 5 2.8E3 5 2.8E3 

20' 3 >2.4E6 3 >2.4E6 5 2.1E4 21 1.5E4 3 1.9E3 3 1.9E3 

35' 10 >2.4E6 21 4.0E3 10 1.5E4 16 1.4E3 3 1.9E3 16 9.5E2 

Baseline 1190 1190 115 115 19 19 
Emissions 

Scientific Notation: 4.7E4 = 4.7 x 10* = 47,000 

SS - Steady State 

C - Isolation Flux Chamber Residence Times (1 = 0.96 min) 



TABLE 6.5-7, 

RESULTS OF CANISTER SPECIATION - PERCENT OF TOTAL NONMETHANE HYDROCARBONS 

Location 
Paraffins 

% 
Olefins 

% 

Total Total Total 
Total Halogenated Oxygenated Unidentified NonMethane 

Aromatics Hydrocarbons Hydrocarbons VOC Hydrocarbons 
% % % % (ppmv-c) 

#B-1 
E3 
Front Yard 
15' BLS 

35 38 27 <1 <1 <1 392 

#B-2 
DlO 64 
Pit No. 5 
10' BLS 

11 18 <1 561 

#B-3 
E17 71 
Pit No. 7 
12 1/2' BLS 

10 10 <1 <1 173 

JB-4 
F20 
Pit No. 7b 
15' BLS 

54 13 25 <1 ND 68.9 

#B-5 
£13 
Pit No. 6 
10' BLS 

51 38 <1 <1 4350 

«B-6 
11.5'N. 14'W 76 
of E 6 
Pit No. 4 
5' BLS 

12 <1 <1 914 

ND - Not Detected 
BLS - Below Land Surface 



TABLE 6.5-8. 

RESULTS OF CANISTER SPECIATION DOMINANT SPECIES PER CLASS 

Total Total 
Total Halogenated Oxygenated 

Location Paraffins .Olefins Aromatics Hydrocarbons Hydrocarbons 

#B-1 C10+ Alkane C10+ Alkene M-Ethyltoluene Chloromethane Methanol 
E3 C10+ Alkane C10+ Alkene Isobutylbenzene - Acetone 
Front Yard 
15' BLS C10+ Alkane B-Pinene C10+ Aromatic - Hexanal 

*B-2 N-Decane 1-Nonene 1,3.5-Trimethyl Unidentified Hexanal 
DIO N-Nonane Propylene benzene Trichloroethylene + Diethyl Ether 
Pit No, 5 
10" BLS C10+ Alkane T-2-Butene 1,2,4-Trimethyl Bromodichloromethane 

benzene 1,1.2-Trichloroethane -
P-Xylene/M-Xylene 

#B-3 Isobutane T-2-Butene 1,2,4-Trimethyl Unidentified 1-Butanol 
El 7 Isohexane C-2-Butene benzene Unidentified Hexanal 
Pit No, 7 
12 1/2' BLS Isopentane Isobutene + 1,3,5-Trimethyl Unidentified -

1-Butene benzene 
P-Xylene/M-Xylene 

#B-4 N-Decane C9 Alkene 1,3.5-Trimethyl- Unidentified Hexanal 
F20 C10+ Alkane C10+ Alkene benzene Unidentified -
Pit No, 7b 
15' BLS N-Nonane 1-Nonene T-Butylbenzene Methylene Chloride -

M-Ethyltoluene 

#B-5 Isobutane B-Pinene Toluene Unidentified Hexanal 
E13 Isopentane C9 Alkene P-Xylene/M-Xylene Chloromethane -
Pit No. 6 
10' BLS Isohexane C9 Alkene 1.3,5-Trimethyl- Vinyl Chloride -

benzene 

ffB-6 Isopentane C9 Alkene P-Xylene/M-Xylene Trichloroethylene + Hexanal 
11,5'N. N-Pentane 1-Nonene 1,3,5-Trimethyl Bromodichloromethane 
14'M N-Butane C10+ Alkene benzene Unidentified -
Pit No. 4 
of E6 O-Ethyltoluene Tetrachloroethylene — 

BLS - Below Land Surface 
" " - Indicates Less than Three Species Observed, 



TABLE 6.5-9. 

RESULTS OF CANISTER SPECIATION DOMINANT SPECIES PER CLASS 

Total 

Total 

Halogenated 

Total 

Oxygenated 

Paraffins Olefins Aromatics Hydrocarbons Hydrocarbons 

(5) C10+ Alkane (4) C9 Alkene (5) 1,3,5-Trimethyl (8) Unidentified (6) Hexanal 

(3) Isopentane (4) C10+ Alkene benzene (2) Chloromethane (1) Acetone 

(2) Isobutane (3) 1-Nonene (4) P-Xylene/M-Xylene Trichloroethy (1) Methanol 

(2) Isohexane (2) B-Pinene (2) 1,2,4-Trimethyl lene + (1) Diethyl Ether 

(2) N-Decane (2) T-2-Butene benzene (2) Bromochloromethane (1) 1-Butanol 

(2) N-Nonane (1) C-2-Butene (2) M-Ethyltoluene (1) Methylene Chloride 

(1) N-Butane (1) Isobutene-i- (1) O-Ethyltoluene ri) Vinyl Chloride 

(1) N-Pentane (1) 1-Butene (1) Toluene (1) Tetrachloroethy

(1) Propylene (1) Isobutylbenzene lene 

(1) T-Butylbenzene (1) 1,1,2-Trichloro

(1) C10+ Aromatic ethane 

( ) - indicates number of occurrences as a dominant species in Table 6.4-9. 



Table 6.5-10. Subsurface Soil Metals Sunnary 

Saiple Site Depth Acidity fl6 R8 BE CD CR CU NI PB SB SE 804 H ZN 
flrea No. (feet) (ug/g) (ug/g) (ug/g) (ug/g) (ug/g) (ug/g) (ug/g) (ug/g) (ug/g) (ug/g) (ug/g) (ug/g) (ug/g) (ug/g) 

Frontyard S336 Bl 5-6.5 799 9,9 2,7 (8.1 7,3 58.8 62.8 128.8 (10 (0.3 (0,1 1500 (0.1 260 
S346 Bl 48-41.5 98 1,3 2,8 (8.1 8,9 4,3 5,8 5,8 (18 (0,3 0.30 290 (0.1 23 

Pit S S3S2 B2 5-6.5 378 9,7 16,8 8.3 5,3 32.8 69,0 30,0 6388 1.4 0.50 7088 (0.1 460 
S3S6 B2 15-16,5 638 (8,2 5,5 (8.1 1.1 6.9 15,8 19,0 46 (0,3 0.50 17 0.2 65 
S365 B2 45-A6.5 558 1.7 A. 6 (8,1 1.2 7.5 8,7 10.0 (18 (0,3 (8.1 22 (0.1 31 

Pit 7a 8376 B3 17.5-19 438 1.3 5.B (8.1 1.2 12.8 12,8 17,0 39 (0,3 0.20 578 (0.1 27 
S382 B3 45-46.5 238 8.1 3.4 .8,3 2,8 11.8 19,8 16.0 838 0.7 0,20 388 10.1 89 

Pit 7b S387 B4 7.5-9 6988 6.5 3.B 8,5 2,8 9.9 21,8 5,0 618 0.3 0,20 14300 (0.1 98 
S398 B4 45-46.5 298 1,2 3,3 (8.1 8,8 3.9 8,2 4,6 (18 (0.3 (0,1 145 (8.1 21 

Pit 6 5483 BS 7.5-9 240888 7.5 5,3 8.5 6,6 36.8 28,8 17,0 598 1,6 0,20 152880 (8.1 398 
S417 BS 15-16.5 188 1.7 7,8 (8.1 1.9 9.7 15.8 17,0 (18 (0.3 8.48 225 8.2 66 
S42S B5 45-46.5 378 1.5 5,9 (8.1 1,8 17.8 12,8 21,0 1188 (0.3 8,48 13 (8.1 36 

Frontyard S42B B6 2.5-4 168 11.8 5,8 (8.1 4,9 13.8 29,8 9,1 188 (0,3 8.48 20 (8.1 41 
S43S B6 28-21 818 1.5 3,3 (8.1 0,8 6.3 6.8 12,0 (18 (0,3 8.28 87 (8.1 28 
S439 B6 35 478 1,8 4.4 (8.1 1,4 6.7 12.8 11.8 (18 (0,3 0.40 210 8.1 42 

Frontyard S443 B7 2.5-4 328 11,8 4.5 8.5 4.9 12,8 28,8 22,8 120 (0,3 8.38 13 8,1 48 
Frontyard S449 B8 5-*. 5 (18 8.8 3.5 (8.1 4.3 24,8 44,8 19,8 720 1.1 8.28 338 (8,1 188 
Frontyard 8453 B9 2.5-4 378 6.5 4.3 (8.1 2.6 15.8 14.8 34,8 33 (0.3 0.30 250 0,1 56 
Pit 3 8458 B18 2.5-4 2888 7.1 8.6 8.2 6.7 37.8 248.8 13.8 1400 2.6 8.38 4288 (0,1 598 

Frontyard 8463 Bll 2.5-4 (18 5.3 3.3 (8,1 3.1 14.8 13.8 21.8 54 (0.3 8.38 1188 (0,1 27 
Pit 1 S468 B12 2.5-4 4888 8.6 3.6 8.5 6.4 15.8 23,8 4,9 740 8.9 0.28 14788 (0,1 75 
Pit 4 S475 B13 5-6.5 29888 8.3 3.3 8.3 6.8 65.0 37.8 53,8 4200 2.5 8.28 3088 (0,1 518 
Pit 4 8482 B14 5-6.5 14888 6.5 3.8 8.2 3.6 15,0 33.0 '6,4 4408 1.9 8.28 17888 (0,1 228 
Pit 7 8492 B15 18-11.5 36888 4.5 8.2 8,3 22,8 14,0 198.8 18,0 9000 3.3 8.58 39888 (0,1 -218 
Pit 6 S49B B16 5-6.3 148888 4.2 4.6 8,5 9,5 41.0 86.8 17.0 5708 (8.3 (8.1 mm (0,1 1988 
Pit 7 8585 B17 7.5-9 3488 6.2 4,8 8.4 3,6 14.0 12.8 6.6 23 (8.3 0.48 18888 (0.1 85 
Pit 7b S512 BIB 5-6.5 34888 7.7 1,8 8,4 12.8 41.0 148.8 12.0 358 4.3 (8.1 25600 (0.1 2288 

' Pit 7b 8528 B19 5-*. 5 31888 7.6 1,9 (8,1 7.8 26.0 168.8 7.2 1988 3.3 8.20 30500 (0.1 1180 
Frontyard 8528 828 2.5-4 <18 4.4 3,7 8,5 4,8 9.9 12.8 13,0 29 (8.3 8.09 2180 (0.1 51 

5533 B28 28-21.5 5288 8.4 2,1 (8.1 1.5 6.8 5.1 14,8 (18 (8,3 0.10 1600 (0.1 24 
8537 828 48-41.5 698 1.5 3.2 (8.1 1.7 9.5 7.8 17.0 (10 (0,3 0.10 1788 0,1 33 

Pit 6 8568 B21 18-11.5 4288 6.7 5,2 (8.1 4,6 28,8 14,8 38.0 92 (0.3 0.30 5888 (0.1 800 
Pit 6 8568 B22 7.5-9 3488 5,1 25,8 (8.1 72.8 97,8 168.8 56.0 8280 (0,3 0.30 4088 (0.1 5800 
Pit 4 5579 623 12.5-14 3488 6.3 7,5 (8.1 10,0 18.8 17,8 15,0 110 (0.3 0.30 4208 0.1 330 

8579D B23 12,5-14 138 (8.56 2.8 (8,1 7,8 7.3 5.8 4.4 72 0.3 (0.1 530 0.1 430 

California Standard - Total 
Threshold Liiit Concentration—) none 75 100 580 2580 2888 508 188 none 788 



Table 6.5-11. Subsurface Soils Organics Suaaary 

Area 
Saaple 
No. Site 

Depth 
Ifeet) 

Volatiles 
Vol 
Peak Phen 4V 7V 18V IIV 23V 38V 32V 38V 44V 8SV 86V S7V 
(ppa) (ug/g) (ug/kg) (ug/kg) (ug/kg) (ug/kg) (ug/kg) (ug/kg) lug/kg) lug/kg) lug/kg) (ug/kg) lug/kg) lug/kg) 

Base/Neutral 
E>tractables 

SSB 69B 
lug/kg) lug/kg) 

Volatiles B/N 
TDTfL Total Total 
lug/kg) lug/kg) (ug/kg) 

Frontyard S338 B-i 5-6.5 15.8 18.85 8 0 8 8 8 8 8 12 8 8 16 8 8 8 28 28 
S346 B-1 48-41.5 8.5 18.89 8 8 8 8 8 8 8 8 738 8 8 8 8 8 738 738 

Pit S S3S2 »-2 5-6.5 18.8 8.67 558 2388 8 868 8 8 8 12588 8 4388 17688 5000 8 8 43118 43118 
S356 B-2 15-16.5 34.8 4.18 8 • 8 8 8 8 8 198 8 57 218 8 8 8 457 457 
S365 B-2 45-46.5 S.B 18.85 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 

Pit 7i S376 B-3 17.5-19 8.5 18.85 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 
S3S2 B-3 45-46,5 8.4 8.88 8 8 8 8 8 8 8 8 4438 8 8 8 8 8 4438 4438 

Pit 7b S387 B-4 7.5-9 28.8 2.88 8 8 « 8 8 8 8 168 8 8 288 8 8 8 368 368 
6398 B-4 45-46.5 148.8 8.37 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 

Pit 6 S483 B-5 7.5-9 11.8 8.38 158 258 8 82 8 8 8 1888 668 488 3000 518 8 8 6852 6852 
S417 B-5 15-16.S 17.8 1.28 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 
5425 B-5 45-46.5 8.3 18.86 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 

Frontyard S428 B-6 2.5-4 5.5 8.72 8 8 8 8 8 8 8 8 8 298 8 8 8 8 298 298 
S43S B-6 29-21 8.8 18.85 8 8 8 8 8 8 8 8 8 8 0 8 8 8 8 8 
S439 B-« 35 8.8 (8.86 8 e 8 8 8 8 8 8 • 8 8 8 8 8 8 8 

Frontyard S443 B-7 2.5-4 3.8 8.41 8 8 8 8 8 8 8 8 168 8 8 168 8 0 328 328 
Frontyard S449 B-8 5-6.5 3.4 8.31 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 
Frontyard S453 B-9 2,5-4 4.4 8.19 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 
Pit 3 S4S8 B-18 2.5-4 9.8 42.88 8 8 8 8 8 8 8 1688 8 218 1788 588 8 8 ' 4818 4818 

Frontyard S463 B-11 2.5-4 9.1 8.16 8 8 8 8 8 8 8 97 8 8 158 8 8 8 247 847 
Pit 1 S468 B-12 2.5-4 7.9 3.88 8 8 8 8 8 8 8 638 8 8 8 8 8 8 638 638 
Pit 4 8475 B-13 5-6.5 12.8 5.28 168 8 8 398 8 8 8 3788 8 538 4188 4288 8 8 13888 13888 
Pit 4 9̂ 2 B-14 5-6.5 7.8 49.88 388 8 « 8 8 • 8 488 188 8 898 678 8 8 2528 2528 
Pit 7 S492 »-15 18-ll.S 14.3 7.68 1488 1988 298 8 8 8 8 8 8 4488 16888 8588 8 8 32498 32498 
Pit 6 S498 B-16 5-6.3 5.3 8.86 1B8 148 8 8 8 8 8 738 8 128 1688 458 8 8 3228 3228 
Pit 7 SS85 B-17 7.5-9 6.7 8.49 8 78 8 8 8 8 8 288 8 8 3B8 8 8 0 738 738 
Pit 7b S512 B-18 5-6.5 7.2 12.88 448 8 8 958 8 8 480 3888 8 618 8 2388 8 8 7788 7780 
Pit 7b 5528 B-19 5-6.5 12.8 5.78 148 328 8 198 8 8 8 1988 8 268 2588 428 8 8 5738 5738 

Frontyard S52B 8-28 2.5-4 13.2 8.26 8 8 8 8 8 8 8 288 8 178 168 288 8 8 738 730 
SS33 B-28 28-21.5 1.6 8.87 8 8 8 8 8 8 8 8 8 8 8 8 8 0 0 8 
S537 B-2e 48-41.5 11.9 18.85 8 8 8 8 8 8 8 8 8 8 268 8 8 8 268 268 

Pit 6 S568 B-21 18-11.5 31.8 1.58 64 388 8 8 8 8 8 1888 8 348 2288 378 18 8 4284 4274 
Pit 6 SS68 B-22 7,5-9 26.8 49.88 768 3288 8 8 8 228 8 12888 8 4488 16888 4888 8 8 485S8 48588 

Pit 4 S579 B-23 12.5-14 26.8 12.88 48 488 8 8 61 8 8 2000 8 488 2S88 488 35 8 6216 61S1 
S579D B-23 12.5-14 15.8 15.88 688 8 8 8 3888 8 8 8488 8 2288 14888 4188 12888 4888 49388 33388 

18 

35 



TRBLE 6. 6-1 
WfiTER LEVEL ELEVATIONS 

1 WflTER WflTER WflTER 
WELL 1 L E V E L L E V E L L E V E L 

NUMBER 1 0 7 - f l u g - 8 4 1 l - S e p - 8 4 1 4 - S e p - e 4 

Ul I S 1 £ 4 8 . 3 6 £ 4 8 . 6 £ £ 4 8 . 6 7 
W ID 1 2 4 8 . 3 6 £ 4 8 . 6 1 £ 4 8 . 6 5 
Ul as 1 £ 4 7 . 8 1 £ 4 8 . lei £ 4 8 . 1 4 
UJ an 1 £ 4 7 . 8 i a £ 4 8 . 0 7 £ 4 8 . le i 
Ul 3 S 1 £ 4 6 . 8 8 £ 4 7 . 1 9 £ 4 7 . 1 8 
Ul 3D 1 £ 4 6 . 8 9 £ 4 7 . 19 £ 4 7 . 17 
UJ 4 1 £ 4 7 . 74 £ 4 7 . 9 9 £ 4 8 . 0iZi 
W 5 i £ 4 7 . 8 8 £ 4 8 . 1 £ £ 4 8 . 11 
Ul 6 1 £ 4 6 . 59 £ 4 6 . 8 8 £ 4 6 . 8 4 
W 7 1 £ 4 7 . 1 4 £ 4 7 . 4 1 £ 4 7 . 3 8 
u; 8 i £ 4 5 . 96 £ 4 6 . £ 6 £ 4 6 . £ 5 
W 9 1 £ 4 7 . 0 9 £ 4 7 . 4 3 £ 4 7 . 4 £ 
EP f l 1 1 £ 4 7 . 5iZi £ 4 7 . 6 9 £ 4 7 . 6 8 
EPfl a 1 £ 4 9 . £ 3 £ 4 9 . 4 6 £ 4 9 . 4 8 
EP f l 4 1 £ 4 8 . 5 6 £ 4 8 . 8 7 Nfl 
E P f l 7 1 £ 4 6 . 15 £ 4 6 . 4 6 £ 4 6 . 41 

N O T E : Da tum i s f e e t a b o v e Mean S e a L e v e l 



Table B.&-2. Hydropeolopic Paraneters 

Type Type of Soecific 
Well of Analysis Caoacity Transmissivity 
I.D. Test (1) (goBi/ft) (ft2/day) 

W-ls Slug Hvorslev(£) 7.2 

U-ld Puno Jacob S.£ 2051 
Theis 9£b 

U-2s Slug Hvorslev 1.1 

W-2d PutDD Jacob 2.5 201 
Theis 234 

U-3s Slug Hvorslev &,4 

U-3d Punp Jacob 4.6 350 
Theis 299 

W-4 Puap Jacob 5,2 347 
Theis 338 

U-5 no test - no discharge point 

W-6 Punp Jacob 4.5 295 
Theis 30 

W-7 PuBp Jacob 9.7 545 
Theis 510 

W-8 no test - puap Mould not fit in Nell 
(soall fitting for cap) 

W-9 Pump Jacob (3) 35 
Theis 25 

Average Specific Capacity 5.9 
Geoaetric Mean for Transaissivity 242 

(punp tests only) 

NOTES: 1 References for the Jacob and Theis eethods 
•ay be found in Lohgan, S. U., 1972. 
Ground Water Hydraulics: USGS Professional Paper 
709, 70 p. 

2 Hvorslev, H. J., 1951, Tine Lag and Soil Pemeability 
in Groundwater Dbservatioris. US Amy Corps Eng 
Waterways Exp Sta Bull 36, Vicksburg, Hiss, 

3 No specific capacity calculated. The 
water level dropped to below the transducer 
during the test. 



Table B.£-3. Calculated Mean for Listeti Paraaieters 

North 
Monitoring Private Central 

Paraaeters Borings Wells Wells Canal 

fig 0.290 0.016 0.163 0.043 
As 0.010 0.004 0.004 0.110 
Ba 0.110 0.071 0.053 
Ca 280.000 64.000 3.300 
Cd 0.020 0.002 0.012 0.097 
Cl 150.000 32.000 26.300 0.700 
Co O.O&O ND 0.007 

Conductivity 1585.000 787.000 600.000 32.000 
Cr 0.140 0.015 0.004 0.012 
Cu 0.030 0.011 0.007 0.012 
F 2.200 0.200 0.100 

Hardness 1385.000 287.000 226.000 12.000 
«g 133.000 32.000 0.850 
Ho 0.050 0.030 0.017 
Ni 0.080 0.037 0.005 0.005 
N03 ND 8.000 14.200 
Pb 0.140 0.000 0.001 0.110 
pH 6.500 7,700 7.500 7.700 

Phenolies 0.050 0.020 0.010 
Sb 0.120 0.020 0.050 
Se 0.100 ND 0.020 
S04 983.000 70.000 22.400 0.250 
TDS 1375.000 545.000 364.000 424.000 
Tl 0.060 ND 0.050 

Tot. Acidity 590.000 151.000 205.000 27.000 
V 0.090 0.031 0.040 
Zn 0.800 0.046 0.110 0.060 

Notes: Units are Parts Per Million 



Table b.6-4. SuoMry of Sround-iUttr Lrvtl C Inorganic AmlvtH 

Site 
fCDT 
(•a/1) 

AG 
lug/Ql) 

OS 
(ug/nll 

BA 
(UO/lil 

CA 
(uo/al) 

CD 
(us/Ell) 

a 
In/1) 

CS 
(uo/al) 

CU 
Iu3/ell 

F 

(•q/1) 
HARD 

(ua/ill 
K 

(ug/ii) 
RO 

(uo/ell 
NI 

(uo/ai) 
MI3 
(•g/1) 

PB 
(uo/al 1 

SB 
(up/al) 

504 
l«s/ll 

TIS 
(aq/l) 

V 
(uq/ai) 

ZN 
(uq/ai) 

B-1 700 190 3.7 2100 (1 1800 
B-i 480 no 0.7 670 (1 950 

EW-1 250 <0.002 0.002 0.110 140 (0.002 42 0.018 (0.001 0.9 592 59 0.020 0.047 (1 (0.002 0.10 235 1400 0.015 0.047 

EFft-a 640 (0.002 0.003 0.028 78 0.008 (O.OOl 0.8 560 0.025 44 (0.002 2S0 1400 0.200 
EPft-2 6 (0.002 (0.002 0.087 150 (0.002 75 0.022 0.008 1.0 S67 71 0.023 0.049 45 (0.002 0.11 32 1400 0.020 0.024 

EPft-7 120 (0.002 0.002 0.073 100 (0.002 22 0.024 0.011 (0.1 420 42 0.040 0.041 38 (0.002 0.11 31 520 0.027 (0.003 

m i IS Sl 0.014 0.016 0.088 95 (0.002 99 0.027 0.026 0.5 400 42 0.037 0.055 (1 (0.002 0.14 170 835 0.039 (0.003 

UcU ID se 0.025 (0.002 0.069 55 (O.OOS' 21 0.028 0.024 (0.1 260 31 0.033 0.072 12 (0.002 0.12 21 370 0.061 0.020 

Ulll SS 2S0 (0.002 (0.002 (0.002 37 (0.001 (0.001 0.5 530 0.007 2 (0.002 40 535 0.074 
UtU 2S 2£ 0.027 0.006 0.034 4.7 (0.002 23 0.032 0.029 (0.1 31 5.5 0.047 0.045 (1 (o.oie 0.11 29 290 0.059 (0.003 

U>11 2D 130 (0.002 0.006 (0.002 3 (0.001 (0.001 0.8 126 0.018 (1 (0.002 10 230 0.040 
Uell 2D 13 0.025 0.002 0.044 33 (0.002 2 0.027 0.030 (0.1 150 17 0.028 0.049 (1 (0.002 0.14 4 390 0.031 0.044 

M l 3S 28 a 021 (0.002 0.051 59 10.002 33 0.030 0.026 (0.1 280 32 0.036 0.040 (1 (0.002 0.14 320 735 0.035 (0.003 

Uell 30 139 (0.002 O.OOS (0.002 38 (0.001 (0.001 0.2 134 0.011 1 0.007 58 270 0.013 
Ulll 3D 26 0.024 0.004 0.033 22 (0.002 4 0.020 0.023 (0.1 92 9.3 0.025 0.041 (1 (0.002 0.11 12 170 0.046 0.031 

U*U 4 290 (0.002 0.014 0.016 46 (0.001 0.002 0.2 156 0.022 13 10.002 48 580 0.074 
Ulll 4 170 0.150 0.003 0.140 72 (0.002 10 0.019 0.010 (0.1 340 39 0.025 0.054 (1 10.002 0.11 19 410 0.023 0.048 

Ulll S 350 (0.002 O.0O6 (0.002 63 (0.001 (a 001 0.3 330 0.012 10 IO.0O2 81 610 0.035 
Ulll S IS3 0.003 0.003 0.140 74 (0.002 55 0.019 0.008 (0.1 390 49 a033 0.051 (1 10.002 0.13 66 620 0.019 (0.003 

Uell 6 170 (0.002 0.003 (0.0Qe 5.7 (O.OOl (0.001 0.2 141 0.019 3 (O.0O2 37 297 0.052 
Ulll i 91 0.016 0.003 0.033 27 (0.002 7 0.019 0.015 (0.1 125 14 a025 0.049 3 10.002 0.12 14 200 0.030 (0.003 

Uell 7 250 (0.002 0.004 (0.002 19 (0.001 (0.001 0.1 250 0.018 5 (0.002 56 413 0.270 
Ulll 7 90 0.020 0.004 0.058 38 (0.002 7 0.020 0.014 (0.1 190 23 0.028 0.042 (1 (0.002 0.12 17 260 0.021 0.020 

Ulll S 34 0.014 0.002 0.038 48 (0.002 6 0.018 0.018 (0.1 200 19 0.020 0.037 (1 (0.002 0.11 27 275 0.025 0.035 

Ulll 9 125 0.018 0.003 0.052 44 (0.002 34 0.021 0.011 (0.1 210 25 0.030 0.040 12 (0.002 0.08 30 325 0.016 0.023 

Private Uell > ISO 0.310 0.006 (0.002 11 0.022 0.043 0.1 158 (0.003 1 0.002 7 226 0.052 
Private Ulll I 170 0.230 O.OOS (0.002 20 (0.001 0.006 0.1 192 (0.003 17 (0.002 14 £50 0.040 
Malaga Uater 150 0.160 0.006 O.Oll 16 0.002 (0.001 0.1 lli (0.003 19 0.002 8 2:5 0.006 

n-ivati Jell C 210 0.200 0.005 0.072 25 (0.001 0.004 O.I iOi (0.(X)3 15 0.003 IS 336 O.Cii 
Private Uell D 210 0.260 0.006 0.023 29 0.004 O.OOS (0.1 239 (0.003 24 (0.002 £0 355 0.140 
Private Uill 0 290 0.230 0.005 (0.002 31 (0.001 (0.001 0.2 331 (0.003 4 0.002 70 iii 0.094 
Private Uell V 270 0.240 0.005 (0.002 29 0.002 O.OOl 0.1 260 (0.003 4 0.002 32 440 0.150 
Private Uell L 190 (0.002 (0.002 0.009 36 0.OO2 0.009 0.3 £27 0.017 19 0.003 19 375 0.047 
Privati Ulll I 216 (0.002 (0.002 (0.002 36 0.004 (0.001 (0.1 275 0.C13 22 (0.002 20 420 0.240 
Priviti UiU F 183 (0.002 (0.002 (0.002 30 0.001 (0.001 (0.1 216 0.017 17 (0.0O2 18 350 0.200 



Table 6.G-S. Sunury of Ground-Water Level B Organic Analyses 
\ 

601/682 681 -602 
681.83 681.85 601.86 681.87 681.88 601.09 601.10 681.11 681.12 681.14 681.15 681.17 681.18 681.21 681.23 681.24 681.25 681.27 682.81 682.82 682.83 682.84 682.85 682.86 Total Total Total 

5ite (ug/l) (ug/1) (ug/l) (ug/1) (ug/1) (ug/l) lug/l) lug/1) (ug/l) (ug/1) (ug/l) lug/1) lug/1) (ug/l) lug/l) lug/l) lug/1) lug/l) lug/1) lug/1) lug/l) lug/1) lug/1) (ug/1) (ug/1) (ug/1) lug/I) 

B-1 3.2 0 2.9 8.7 17.3 580 8 5.5 0 3.1 9 2 9 0 1.1 9 22.3 39 9 9 9 9 22 9 619.1 597.1 22 
B-2 8 8 8 1.3 20.8 152 0 6.6 1.2 8 1.3 5.5 9 9 0.9 9 9.4 0 9 9 0 9 9 9 193 199 9 
B-3 0 8 2.5 8 0.1 0.5 0 8.6 0.2 0 9 1.2 9 1.8 0.7 8 9.3 0.2 9 5 2 9 9 9 1S.1 8.1 7 
B-4 8 8 3,7 8 0 0 8 8 8 8 9 8 9 0 9 8 9 9 8 9 9 9 9 9 3.7 3,7 0 
B-5 8 0 8 0 3.2 48.5 e 1.3 8 0 8 1.4 9 9 9 8 9 9 9 IB 3 9 8 0 67.4 46.4 21 
B-6 0 8 3.3 0.3 2.1 73.2 8 9.1 8 8 8.4 7.7 0 0 0.4 9 9.3 1.5 8 1 9 9 9 9 99.3 98.3 1 
B-2« 8 8 0 8.3 3.2 91.S 0 8.1 9 8 1.7 11.9 9 9 6.5 9 5.9 5.8 9 9 15 18 7.9 8 184.1 13S.2 48.9 

EPft-1 0 8 8 0 0 0 0 8 0 0 0 9 9 9 0 9 0 9 9 0 9 0 9 9 0 9 9 
EPfl-1 8 8 0 0 0 8 0 0 0 0 8 0 9 9 9 9 9 9 9 0 9 0 9 9 0 9 9 

EPft-2 0 0 8 0 0 0 2,4 8 0 9 8 0 9 9 2,1 9 9 9 9 0 9 0 9 9 4.5 4.5 0 

EPA-6 8 8 8 8 3.2 28.7 8 8.1 0 9 8 0 9 0 9 9 9 9 9 0 9 0 9 9 32 32 9 

EPft-7 0 8 0 0 0 0 0.3 0 0 9 9 0 9 9 9 9 9 9 9 0 9 0 9 9 9.3 9.3 9 

Uell IS 0 0 0 0 0 2,1 0 1.2 0 9 0 1 9 9 2.6 0 9 9 9 2 1 9 9 9 19,1 7,1 3 
Uell IS 0 0 0 0 0 18,4 0 2.9 0 0 0 4.7 0 9 9 0 9 0 16.9 0 9 0 0 9 42,9 26 16,9 

Uell ID 0 8 0 0 0 0 0 0.5 0 0 0 0 9 9 9 0.1 9 0 9 0 9 0 0 9 9.6 9.6 9 
Uell ID 0 0 8 0 8 8 2.2 8 0 0 0 0 9 9 9 0 9 0 9 0 0 0 0 0 2,2 2.2 9 

Uell 25 0 0.8 8 8 2,4 24.2 0 1.2 0 9 0 0 0 9 9 0 9 0 19 0 0 0 9 0 38,6 28,6 19 

Uell 2D 0 0 0 0 0 0 0 0 0 0 0 0 9 9 9 0 9 9 9 0 0 0 9 0 9 9 9 

ueii 35 0 0.2 0 0 0 0 0 0 0.4 0 0 0,7 9 9 2.1 0 9 9 9 0 9 0 ' 0 9 3.4 3,4 0 
Uell 3S 0 0.7 0 0 0 0 0 0 0 9 8 0 9 9 9 0 9 0 9 0 0 0 0 9 0.7 9.7 0 

Uell 3D 0 0 8 0 0 0 0 0 0 0 9 9 0 9 9 0 9 9 9 9 9 9 0 0 0 9 9 

Uell 4 t 0 0 0 2.2 19.3 0 0.6 8 9 8 0 0 9 0 0 9 9 11.2 0 0 9 0 9 33.3 22,1 11,2 

Uell S 0 0 0 0 2 15.4 0 3.8 0 9 9 0 0 9 0,4 0 0 0 7.8 0 9 9 0 0 29,4 21.6 7.6 

Uell 6 0 0 0 0 0 0 8.2 8 0 0 9 9 0 0 0 0 0 0 9 0 9 9 0 0 0.2 0.2 0 

Uell 7 8 8 0 8 0 2.4 8 0 8 9 9 9 0 0 0 9 9 0 9 ' 0 9 9 9 0 2.4 2.4 9 

Uell 8 0 8 0 0 0 0 0 8 0 9 9 0 0 0 0 9 9 0 9 0 9 0 9 0 ' 0 0 9 
Uell 8 0 8 0 8 9 0 0.6 8 0 9 9 9 8 0 0 9 8 9 2.2 0 9 9 9 9 2.8 9.6 2.2 

Uell 9 8 0 0 0 0 0 0 8 0 9 9 9 0.1 0 9.6 9 9 0 9 9 0 9 9 9 9.7 9.7 0 

Uell 9 8 8 0 0 0 0 0 8 0 0 9 9 0 0 0.5 8 0 9 9 9 9 9 9 0 9.5 9.5 9 



Table 6.6-6. Sunary of Bround-Uater Level C Organic Rnalyses 

6C/MS Characterization 
Volatiles flcids Base/Neutral 

COO TOC PKN 4V 29V 38V S6V 34fl 6Sfl 2SB 54B SSB 66B 68B 69B 
Oxygenated 

flcids Parafins Olefins Hydrocarbons Others 
624«62S 624 625 
Total Total Total 

Level 
GC/HS C ° 
Total Total 

Site (ag/l) lag/l) lag/1) lug/l) lug/l) lug/l) (ug/l) lug/l) 1 lug/l) lug/l) 1 (ug/l) 1 lug/l) (ug/l) (ug/l) (ug/l) (ug/l) lug/l) lug/l) lug/l) lug/l) (ug/l) 1 lug/l) lug/l) (ug/l) (ug/l) 

B-1 358 68 8 8 638 8 8 8 16 388 52 9 8 9 8 242 9 112 8 .998 638 368 334 1352 
B-5 288 41 8 8 44 8 5 S 8 8 8 9 8 0 397 18 9 9 23 54 44 18 438 484 

EPft-1 46 2 8.826 8 8 8 8 8 8 8 8 8 8 8 9 54 4 8 19 46 8 9 8 114 114 

EPfl-2 18 38 8.838 8 8 8 9.7 8 8 8 8 8 8 8 9 8 114 88 48 8 9.7 9.7 8 234 243.7 
EPft-2 78 6 8.826 8 8 8 8 8 8 8 8 8 8 8 9 183 38 8 63 69 8 9 8 353 353 

EPft-7 31 1 8.838 8 8 8 8 8 8 8 8 8 8 0 9 14 19 8 39 192 8 9 0 264 264 

Uell IS 77 12 8.826 9 12 8 8 8 8 8 8 8 8 8 9 313 45 8 22 8 12 12 9 380 592 

Uell ID 78 1 (8.885 8 8 8 8 8 8 8 8 8 8 8 9 9 8 8 8 8 8 8 8 8 8 

ueu 25 15 2 8.818 0 8 8 8 8 8 8 8 8 8 8 9 9 8 8 8 27 8 8 8 36 36 
Uell 2S (5 22 8.118 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 

ueu 2D 18 6 8.848 8 8 8 8 8 8 8 8 8 8 8 8 0 ' 338 8 18 46 9 9 9 480 480 
Uell 2D 62 6 8.818 8 8 8 8 8 8 8 8 8 8 8 8 88 8 8 8 8 9 9 9 88 88 

ueii 3S 62 6 8.828 8 8 8 8 8 8 8 9 9 8 8 9 119 9 11 9 6 9 9 9 127 127 

Uell 3D 188 1 9.816 9 9 9 8 8 8 8 9 8 9 0 9 9 9 9 9 78 9 9 9 70 79 
Uell 3D 46 2 8.818 9 9 8 8 8 8 8 9 8 8 8 9 16 9 9 9 9 9 0 0 16 16 

Uell 4 48 22 8.148 9 8 26 8 8 8 8 8 8 8 8 9 9 148 8 44 71 26 26 9 255 281 
Uell 4 15 9 8.826 8 8 7 8 8 8 8 8 8 8 8 8 2568 468 91 67 253 7 7 9 3439 3446 

Uell 5 138 7 8.818 9 8 11 8 8 8 8 8 8 8 8 9 26 9 8 9 49 11 11 9 75 88 
Uell S 46 8 8.818 8 8 6 8 8 8 8 8 8 8 8 8 21 37 24 54 S3 6 6 9 189 195 

Uell 6 168 2 18.885 8 8 8 8 8 8 8 8 8 8 8 9 8 8 8 8 79 9 9 9 79 79 
Uell 6 62 1 18.885 8 8 8 8 8 8 8 8 8 12 8 9 SIS 156 8 77 84 12 9 12 835 847 

Uell 7 198 4 18.885 8 8 -8 8 8 8 8 8 8 8 8 9 8 8 8 8 8 9 9 9 0 9 
Uell 7 31 2 8.818 8 8 8 8 8 8 8 8 8 0 8 8 ' 1 8 8 62 47 9 0 9 118 ua 
Uell 8 46 6 8.888 11 8 8 8 8 8 8 8 8 8 8 8 5623 1822 64 1288 8 11 11 9 7999 7929 

Uell 9 IS 1 8.838 8 8 8 8 8 8 8 8 8 0 

Private Uell i 32 11 18.885 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 9 9 9 9 
Private Uell X (5 (1 18.885 8 8 8 8 8 8 8 8 8 186 8 26 8 8 8 8 8 132 0 132 9 132 
Malaga Uater 64 (1 8.498 8 8 8 8 8 8 8 8 8 94 8 54 8 8 8 8 26 148 9 148 26 174 
Private Hell C 16 (1 18.885 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 9 8 8 9 
Private Uell D 48 (1 (8.885 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 9 8 8 8 
Private Uell 0 (5 2 18.885 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 9 8 8 8 
Private Uell V 16 4 18.885 8 8 8 8 8 8 8 8 8 26 18 8 8 8 8 8 8 36 8 36 8 36 
Private Uell L IS 11 18.885 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 
Private Uell I 15 11 18.885 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 
Private Hell F IS 11 18.885 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 



Table 6.6-7. Water (duality Standards for Metals and Inoroanic Paraneters 

Drinking Uater 
. Standards 

Parameters 

Metals 
Aluainuu 
Antimony 
Arsenic 
Barium 
Cadmi un 
Total Chroniun 
Copoer 
Iron 
Lead (inorganic) 
Manganese 
Mercury 
Nickel 
Selenium 
Silver 
Strontium 
Thallium 
Zinc 

Other Uater 
(luality Objectives 

Prinary Secondary SNARL* NAEL» 

0.050 
1.000 
0.010 
0.050 

0.050 

0.002 

0.010 
0.050 

1.00 
0.30 

0.05 

5.000 

4.700 
0.005 

0.1460 

8.400 

0.0001 
0.0130 

0.0130 
5.00 

Other Inorganics 
Chloride 
Nitrate 
Conductivity 
Sulfate 
TDS 

45.000 
500.00 

1600.00 
500.00 
1000.00 

Notes: 
Units are in ailligrans per liter 
Inorganics not shown do not have standards available 
• SNARL - Suggested No-Adverse-Response Level froa the National Academy of Sciences 

NflEL - No-fldverse-Effect Level from U. S. EPA 



Table 6.6-8. Uater Quality Standards for Organic Chenical Paraneters 

Other Hater (luality Objectives 

Drinking Uater Standards DHS 
Action 

SNARL* 

Paraneters Prinary Secondary Reconmended Level EPfl NAS NflEL** 1/Million Risk*** 

Purgeables 
Benzene 
Broaodichloroaethane 
Chlorobenzene 
Chlorofora 
Dichlorobenzenes 
DibroBOChloroaethane 
1,2-DCfl 
1.1- DCE 
Trans-1,2-DCE 
1.2- D i ch1oropropane 
Ethyl Benzene 
1,1,2,2-Tetrachloroethane 
Tetrachloroethene 
Toluene 
TCA 
TCE 
Trichlorofluoroaethane 
Vinyl Chloride 

IM 

100 

108 

0 8.7 70 

3288 
758 130 138 94 

lAAfltfl 

0 1 
lOvvV 

0 0,1 78 188 
278 

18 

0 4 28 
100 340 348 

208 200 1888 3680 
8 5 75 

fUMMk 

8 2 
0«W 

488 

1488 

8.66 
8.19 
2.3 
8,19 

0.71 
8.833 

8,17 
3.5 

17 
1.5 
0.19 
1,1 

flcid Extractables 
2,4-DiHethylphenol 
Phenol 

Base/Neutral Extractables 
Isophorone 
Bis(2-ethyIhexyl)phthalate 

52M 
4208 isew 

Notes: 
Units are in aicrograas per liter 
* SNARL - Suggested No-Adverse-Response Level froa the National Acadeny of Sciences (NAS) and EPA 
»• NAa - No-Adverse-Effeet Level froo EPfl 
«*< 1/Hillion Risk - One-in-a-Hillion Cancer Risk Level froa U, S. EPfl 



Table 7.8-1. Maiti Pit Cheainl Profile 

•Uniam Concfntritiom Duintified in Each Pit DoMnhole Eaissions emitter Samlef 

ATM 

FKMr nm 
Rifircry 
fKilitiit 

Pit I 

Pit 3 

Bate Total Total 
Volatile* Oil and Volati le Neutral llydru Total Sulfer Oieaical Conceii 

Borinf PHk Gnaie lead P h m l i Organici Organic^ carbons Bmzeiw DiMide C l a n tration 
I.D. Ippa) lug/g) lug/g) lug/g) (ug/kg) lug/kg) Ina) iptm) Ippal ipo) 

Bl 3.6 15 34000 14 » ethyl b a m m 1121 ND 200 460 Parafins 137 
aethylm d i lor id i 17301 Olefins 147 

t o l i m (16) frvaatics 106 
Halog. Hydrocarb. 0.008 
Oxygen. Iljnli uLar^ 0.4 
Unidentified VXs 1.8 

Tot. Non-Nethane NC 382 

B6 7.9 7,3 72000 140 0.72 t*tradiloraethyline 1290) M) IIOOOO 12000 3 Parafins 699 
Olefins 114 

friaatics 74 
Halog. Hydrocarb. 22 
Qiygan. Hjnlracarfa. 1.3 
Ihidintif iad VOCs 4.4 

Tot. Noft-Nrthane HC 914 

B7 6.9 3 90000 t45 0.41 aethylene chloride 11601 ND 
tridiloroathyleiit 11601 

n 7,7 9.7 51000 660 0.31 M) ND 

B9 5,6 4.6 46000 75 0.19 ND » 

Bl l 6.6 16.6 43000 39 0.16 ethyl hcn im 197) m 
t o l i m i USO) 

B20 3.6 31.3 71000 70 0.2S •thyl bmnn* ISOO) 10 
titr«:hlon)Cthylene 11701 

toluene 12601 
trichloroetliyleiia 1200) 

B12 3.1 SO 84000 1300 3 ethyl bentene 16301 ND 

BIO 3.5 9.8 150000 1100 42 ethyl i m a m 11600) ND 
tetradilcroethylene (2101 

toluene 117001 
tridiloracthylene (SOO) 



Table 7.8-1. Haste Pit Onaical Profile 

•Uiiam Corcentrationt Buantified in Eadi Pit DoMT^le Eaissions Canister Saaples 

free 

BDQIYMID 
Pit 4 

Boring 
I.D. 

Base Total Total 
Volatiles Oil and Volatile Neutral Hydro- Total Sulfer Oteaical Concen
Peak Grease Liad Phenols Organics Organics cartons Bentene Dioiide Class tration 

pH Ippa) lug/g) lug/g) (ug/g) (ug/kg) lug/kg) (ppa) Ippa) (ppa) Ippa) 

B13 1.4 

B14 1.8 

B23 1.6 

66 46000 2300 

38 270000 6500 

49 320000 10000 

49 

Pit 5 B2 180000 330 4.5 

Pit 6 BS 1.4 50 39000 960 1.6 

B16 1.9 39 210000 10000 2.2 

beniene 1160) 
tridiloroethane 13901 
ethyl baniena 13700) 

tetrachloroethylene 1530) 
toluene 14100) 

tridiloracthylene 142001 

beniene 1800) 
ethyl benzene 14801 

aethylene chloride 1180) 
toluene IS90) 

trichloracthylcne 16701 

benzene 13001 
dilorobenzene (400) 
chlorafora 138001 

ethyl benzene (8400) 
tetradiloraethylene 12200) 

teluaia (14000) 
trichloroethylene 14100) 

benzene 1550) 
chloroOenzerc 12300) 
trichloroethane (860) 
ethyl benzene (12500) 

tetrachloroethylene (4300) 
toliBic 117600) 

trichloroethylene (5000) 

(150) 
chlorobenzene 1250) 
trichloroethane 182) 
ethyl benzene (1000) 

aethylene chloride (660) 
tetrachloroethylem (4001 

toluene (3000) 
trichloroethylene (510) 

benzene (1801 
chlorabenzene (140) 
ethyl benzene (730) 

tetrachloroethylene (120) 
toluene (1600) 

trichloroethylene (450) 

W 

napthaler* (12000) 
di-n-actyl|<ithalate 14000) 

6000 87 

6000 3500 

Parafins 
Olefins 
ArOHtin 

Halog. Hydrocarb. 
Oxygen. Hydrocarb. 
Unidentified WCs 
Tot. Noi'i Nethane HC 

Parafins 
Olefins 
IkMaatics 

Halog. Hydrocarb. 
Onygen. Hydrocarb. 
Unidentified VXs 
Tot. Non-Nethane IC 

361 
61 
99 
17 
1.5 
22 
561 

2220 
209 
252 
1670 
2.2 
2.4 
4350 

ND 



Table 7.8-1. Uaste Pit Oieaical Prafile 

Naxiaiai Concentrations Buantified in Each Pit 

BACXYMO 

Pit 7 

Volatiles Oil and 
Boring taak Graase Lead Phenols 
I.D. pN (ppa) lug/g) lug/g) lug/g) 

B21 1.1 

B22 2.5 

BIS 2.2 

31 170000 1900 

48 160000 10000 

14.3 370000 11000 

2.3 

7.6 

Volatile 
Organics 
lug/kg) 

benzene 164) 
dilorotienzena (300) 
ethyl benzei* (1000) 

tetrachloroethylene 1340) 
to) am 12200) 

trichloroethylene I37D) 

benzene (760) 
chlorobenzene 13200) 

1,2-trins dichloroethylene 1220) 
ethyl beniew 112000) 

tetrachloroethylene 14400) 
toluer* 116000) 

trichloroethylene 14000) 

benzew 11400) 
chlorobeniene (1900) 

1,2-dichloroethane 1290) 
tetrachloroethylene 144001 

toluene 1160001 
trichloroethylene IBSOO) 

Base 
Neutral 
Organics 
lug/kg) 

DoMTlwle Eaissions 

Total Total 
Hydro- Total Sulfer 
carbons Benzene Dioxide 
Ippa) Ippa) Ippa) 

Canister Saaples 

napthaleia (10) 

ND 

» 

Oteaical 
Class 

Concen
tration 
Ippa) 

B17 3.3 6.7 45000 11000 0.49 ethyl benzene (2B0) 
toluene 13801 

Pit 7a B3 1.4 14.7 81000 250 2.2 aethylene chloride 14430) 103 Parafins 
Olefins 
Aroaatics 

Halog. Hydrocarb. 
Oxygen. Hydrocarb. 
Unidentified VXs 
Tot. Non-Nethani HC 

123 
18 
17 
14 
0.7 
0.9 
173 

Pit 7b B4 3.1 140 97000 160 2.8 ithyl bmene 11601 
toluene 1200) 

ND 700 Parafins 
Olefins 
Aroaatics 

Halog. Hydrocarb. 
Oxygen. Hydrocarb. 
Unidentified WCs 
Tot. Non-Nethane HC 

37 
8.7 
17 
6 

0.1 



Table 7.6-1. Haste Pit Oieaical Prafile 

NuieuB Concentrations Buantified in Each Pit Domhole Eaissions Canister Saaples 

Boring 
I.D. 

Base Total Total 
Volatiles Oil anI Volatile Neutral Hydro Total Sulfer Chaaical Concen
Peak Graase Lead Phenols Organics Organics carbon* Benzene Dioxide Class tration 

m (ppa) lug/g) (ug/g) (ug/g) (ug/kg) lug/kg) (ppa) (ppa) (P(-l (ppa) 

Bit 1.1 10.1 770000 17000 12 benzene (440) ND 
trichloroethane 1950) 

1,2-dichloropropane (400) 
(thyl benzene 13000) 

tetrachloroethylene 1610) 
trichloroethylme 123001 

B19 0.7 17 410000 70 5.7 benzen 1140) » 
chlorobenzene (320) 
trichloroethaw (190) 
ethyl benzene 11900) 

tetrachloroethylene (260) 
toluene 12500) 

trichloroethylene 1420) 

NOTES! 
1) Pits 2, 7c, 7d, and 7e do not have borings Iwatid eithin their apparent boundaries. 
21 Dons aith no data aera not analyzed for that paraaeter. 
3) » • Not detected 



Table 7.6-2. Approxiaate Uaste Pit Soil Volumes 

Volume of Volume of Volume of Soil 
Clean Soil or Highly Volume of Above Base of Caliche 
Constmction Contaminated Contaminated (elevation 275 fset 

Boring Debris/Rubble Soil Soil above mean sea level) 
Area I.D. (cubic yards) (cubic yards) (cubic yards) (cubic yards) 

FRONTYARD 
Refinery Bl l,4fi0 0 7,410 12,000 
facilities B6 540 0 430 3,770 

B7 510 0 390 4,260 
B8 1,680 0 610 5,000 
B9 2,440 0 S,S60 19,900 
Bll 440 0 1,160 3,180 
B20 1,330 0 7,330 11,100 

Pit 1 B12 190 650 2,520 3,260 
Pit 3 BIO 400 590 2,1B0 3,430 

BACKYARD 
Pit 4 B13 1,370 2,340 6,370 9,930 

B14 
B23 

Pit 5 B2 1,120 0 5,220 6,270 
Pit 6 BS 3,090 4,260 10,800 22,300 

BIS 
621 
B22 

Pit 7 BiS 11,600 6,300 30,000 62,100 
B17 

Pit 7a B3 1,960 660 5,560 13,700 
Pit 7b B4 870 490 1,690 4,270 

BIB 
B19 

Vblume Totals 
Entire Site 26,190 14,140 82,980 168,500 

Frontyard 9,010 1,240 30,590 65,900 
Backyard 17,180 12,900 52,390 102,600 

NOTES: 
1) 
2) 

3) 
4) 
5) 
6) 

Pits 2, 7c, 7d, and 7e do not have borings located within their apparent boundaries. 
The volume estimates represent undisturbed soils with vertical boundaries. 
The estimates do not consider excavation cut slopes or increases in soil volume resulting from excavation. 
Contaminated soil represents soil with pH (5, oil and grease ) 10,000 ug/g, and/or lead )200 ug/g. 
Highly contaminated soil represents soil with pH (2 and lead )1000 ug/g. 
The volume totals for the backyard are averaged results frcm the individual pits. 
The volume estimates for the frontyard (Borings Bl, 66, B7, B8, 69, Bli, and 620) represent 
the area surrounding the boring, not volumes from a distinct pit. 
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SampleOescript ion 

Dale /T ime S a m p l e d . 
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